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During the academic year 1978-79, an investigation was conducted in order to
compare the academic achievement of students in elementary organic chemistry by
using two teaching methods, a modified Keller Plan and the traditional instruction
method. The population of the study consisted of a control group of twenty
students at Morris Brown College and an experimental group of eighteen students
at Fort Valley State College. Base line data was established for the two groups by
use of questionnaires and the Toledo Placement Test.
The experimental design for the study was a matched group model. Six null
hypotheses were formulated and tested. The statistical methods employed included
F Test, T-Ratio, and the method of covariance. The following tests were
administered: the ACS Elementary Organic Chemistry Testj a Test of Higher
Cognitive Skills in Chemistry; and a Leiboratory Comprehensive Examination.
Analysis of reading materials was done by experts in reading.
Two hypotheses were retained; one pertained to unsuitable reading levels of
elementary organic chemistry literature and the other pertained to cognitive levels
of groups and individuals. Four hypotheses were rejected. These hypotheses dealt
with: (a) comparison of teaching methodologies; (b) the relationship of cognitive
levels and final letter grades; (c) comparative laboratory achievement; and (d)
achievement on the ACS Elementary Organic Chemistry Examination.
This study was able to show gains by the experimental group which could be
attributed to the particular teaching methodology employed of a modified Keller
Plan.
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To the beginning student, organic chemistry is a bewildering collection of
unrelated structures, graphical representations, spectra, mechanisms and names.
This impression, of course, is false, but if beginning organic diemistry students are
to sort out these complexities and learn, they must be able to:
1. distinguish between basic concepts and extensions of these concepts;
2. recognize and understand tiie inter-relationships between various
organic reactions;
3. understand techniques of modern organic structure determination; and
4. apply basic chemical knowledge to the solution of a variety of organic
chemistry problems.
The task of teaching a representative course in elementary organic chemistry
has changed significantly over the past twenty-five years, as evidenced by the more
refined comprehensive textbooks, paperbacks, student guides cind solution manuals,
programmed materials, taped mini-courses, audio-visual packages and numerous
other software learning packages. In addition, there has been a proliferation of
affordable hardware learning packages and instruments, i.e. laboratory kits with
ground glass joints, and standard instruments, i.e. infrared, ultraviolet, nuclear
magnetic resonance, which are relatively common and considered essential in the
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academic preparation of today's eiementary organic chemistry student. Further,
class discussions and the laboratory have become more instrumental and physical
oriented, reflecting on the economics of operations when one studies structure and
the properties of organic molecules.
Focusing OT the discipline of organic chemistry with respect to the prolifera¬
tion of knowledge and technologiced advances in respect to elementary organic
chemistry as a sub-discipline, one can easily conclude that perhaps the most do¬
minant influence on the task of teaching elementary organic chemistry is the
dynamic nature of the discipline. Because of its nature, new course content or,
more precisely, new topics emerge frequently. This rapid growth often forces
some of the more traditional topics to become modified, deleted or relegated to
positions of less importance. Constant surveillance of texfeook trend and change is
required by the professor in order to establish a rational basis for Inclusion,
deletion and modification of topics. Furthermore, any decision or action by the
professor should be guided by the objectives of the American Chemical Society, the
scientific mandates of medical schools, allied health professions and academic
disciplines, for which elementary organic chemistry functions as a service course.
A survey of leading elementary organic texti>ooks and other laboratory texts
reflects the new course content in the form of the following new topics:
(1) Molecular Orbital Theory
(2) Spectroscopy
(3) Mechanisms of Organic Reactions
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(4) Kinetics of Organic Reactions
(5) Biomoieciiies
(6) Elements of Organometailic Chemistry
(7) Concepts in Stereochemistry
1-8(8) Technical and Higher Level Laboratory Experiments.
Caserio reflects on course content stating that many topics of current
interest (some of which are listed above) are being placed in elementary organic
9
chemistry at the expense of excluding many important practical topics. Some of
these topics include: (1) natural products; (2) heterocyclic chemistry; (3)
polyfunctional molecules; and (4) aromatic chemistry.
The frequent introduction of new subject matter into what traditionally has
been considered elementary organic chemistry creates new demands and problems
for the instructor. These demands and problems may include:
(1) additional planning;
(2) expanded course coverage;
(3) constant revision of syllabi;
(4) improved classroom and laboratory management skills;
(5) constant review and evaluation of software, hardware and instruments;
(6) more student-professor encounters eind conferences;
(7) additional improvement courses embodying instrumental skills and
competencies;
(8) increased skill in budgetary management construction and design.
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The student population, which comprises the course in elementary organic
chemistry at many undergraduate institutions, and especially at developing in¬
stitutions, constitutes a social and cultural blend which reflects the dispalrities and
inequities of the secondary educational system. These dispalrities and. inequities
translate into a student population which is ill-prepared for academic study,
according to many sources.In an effort to off-set declining student academic
preparation, some institutions find it necessary to offer developmental programs
for the so-called culturally deprived, economically disadvantaged, or under¬
prepared student. Eventually, students from Ihese programs may constitute a
considerable percentage of the elementary organic chemistry class.
Therefore, today's elementary organic chemistry student, in many instances,
is less prepared than his counterpart of twenty-five years ago. During the late
1950s the student population in this course consisted largely of chemistry majors
and pre-med students. Usually these better prepared students were highly
motivated, goal oriented and excelled academically because they comprised a
highly select group. In contrast, today's student population is the product of an
affluent society, which embraces the philosophy of higher education for all whom
may benefit. Consequently, one finds that these students constitute a social and
cultural mix, where many students are likely to have non-traditional educational
goals, poor motivation and poor prior academic preparation.
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At the present time liiere exists a general national trend toward decreased
enrollment in most of the institutions of higher education in the United States
which is contrary to the projections of Tickton, in his writings about the shape of
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American higher education in the 70s and 80s, Out of the eleven economic and
demographic factors which he claims influence enrollment trends in higher
education in the U.S., only five appear to be significantly operative today. Young
presented a similar projection in 1972, which incorporated additional factors such
14
as political policy, social and economic pressures, scholarships and work study.
Social and economic pressures are quite evident today as motivating factors
in influencing students to seek higher education, but, on the contrary, the pressure
of inflation and political policy has drastically reduced the availability of funds for
scholarships and student loans on the state and national levels.
Enrollment trends in elementary (x*gcinic chemistry, however, are ranging
counter to national enrollment trends. Caserio attributes this trend to enhanced
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enrollment in the biological sciences. This investigator, while concurring with
Caserio, offers the following additional factors as partial explanation for the
upsurge in enrollment in elementary organic chemistry:
(1) a rise in the para-medical professions;
(2) expanded federally sponsored biomedical programs at small and large
colleges and universities;
(3) increased popularity in the area of allied health programs;
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(4) expanded national interest in the production of more doctor/dentist and
other medical personnel;
(5) open door admission policies of many institutions of higher learning;
(6) resurgence of new agriculture and home economics courses which
require a foundation in elementary organic chemistry;
(7) construction of new curricula in physical education and the behavorial
sciences which require a foundation in elementary organic chemistry.
In order to teach a representative beginning organic chemistry course to such
diverse clientele, the teacher must make many non-traditional adjustments. These
adjustments may take many forms and may involve the use of: (1) new techniques
of presentation; (2) new hardware and software; (3) new teaching strategies; (4) new
methods of assessing learning; or (5) new student services.
Over the past decade, those who have supported higher education, mainly
private foundations, local, state and federal government, and private citizens, have
become more concerned and vocal about fiscal responsibility in higher education,
teacher accountediility, viable curricula, criterion reference learning, command of
basics and management by Objectives.
As a condition for initial support or further support, institutions of higher
learning have been forced to subscribe to guidelines which were proposed by
supporters, with little or no input from l4ie institutions themselves. A kind of
educational crisis has been created which trickles down to every member of higher
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education and especiedly to those directly involved in the teaching/learning process.
These individuals are made aware of the educational crisis through what may be
referred to as "academic pressures". Academic pressures, which cure signs of our
time, manifest themselves in various ways, such as:
(1) teacher accountability and teacher performance;
(2) constant evaluation by students and administrators;
(3) promotions and salary adjustments;
(4) cost benefit ratios of current or proposed educational programs;
(3) dwindling departmentcd budgets and increased inflation;
(6) conditional tenure;
(7) institutional retrenchment.
Out of a crisis climate in higher education, those people more closely asso¬
ciated with the teaching and learning process have developed survival strategies,
i.e., delivery systems, innovations and methods of optimizing the learning climate
for a very diverse population of students. These strategies include;
(1) computer assisted learning;
(2) programmed learning;
(3) criterion referenced learning;
(4) spiral teaching strategies;
(5) audio-tutorial teaching approaches;
(6) personalized systems of learning;
(7) contract grading;
(8) extended classroom approaches to learning.
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In order to respond to the aforementioned academic pressure and academic
crisis, and to enhcuice personal academic survival, this investigator decided to
become more accountcdile to the administration by becoming more productive in
the teaching/learning process. A research project was undertaken to add to scarce
literature; (2) gather some useful data on the teaching/leaming process; and at the
same time (3) make a contribution to the field of science education - especially to
the teaching of organic chemistry. After examining a large number of personalized
systems of instruction, this investigator decided to make a study of a modified
Keller Plan.
The Keller Plan, or some modification thereof, is viewed by this investigator
as being ideal in solving many of the learning problems of students in developing
institutions such as Fort Valley State College.
The Keller Plein is a personalized system of instruction (PSI) or self-paced
study originated by Dr. Fred Keller and Dr. 3. G. Shermein in 1964.^^ It has since
spread across the United States, Canada and Brazil. The Keller Plein is a self-paced
mastery oriented, student-tutored learning system, for high school, college and
university instruction. Associated with a learning system is always a theoreticcd
foundation - an education psychology basis, a philosophy, a methodology or
mechanism of operation. The education psychology basis of the Keller Plan
consists of the cognitive field tiieory of learning which is sipported by the Gestalt
School of Psychology. Cognitive field theory, briefly stated, suggests that learning
is a relativistic process by whidt the learner develops new insights or changes old
9
ones. Gestalt psychology, briefly stated, suggests that learning is a change in per¬
ception and the process by which an organism perceives is crucial in the learning
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process. A fusion of the cognitive fieid theory of learning and Gestalt psychology
generates a basis for the following statement; "The development of new insight or
changing old ones certainly rest tqjon the condition of perceiving by the student in
any discipline - perhaps even more so in a discipline such as organic diemistry
where the student is required to operate mostiy at the upper limits of Bloom's
Taxonomy of cognitive learning levels."^^
The philosophy of the Keller Plan embraces the concept of student centered,
personalized, criterion referenced learning. At all times, the student is considered
an active element in the teaching/learning process and not merely a receiver of
information. The professor constantly interacts with the student by arranging a
sequence of three-step learning processes; (1) presentation; (2) response; and (3)
IQ
consequences, similiar to the learning schema described by Gangne* Thus, by
design or structure, the Keller Plan is expected to optimize the learning climate
and create almost fail proof courses, especially for the under-prepared student.
The methodology of the Keller Plan encompasses: (1) a prepared study guide;
(2) a set of multi-tiered behavioral objectives; (3) a group of peer tutors and other
service personnel; W a prepared group of examinations and quizzes, perhaps with
parallel and varied level test items; (5) a professor/administration agreement with
respect to deferred grading and/or contract grading; (6) an ample collection of
learning center resources for alternative modes of teaching and learning; (7) a
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professor/administration agreement with respect to the curtailment of formal
lecture and variable class attendance; (8) a good flow chart which unifies and
connects all (derations of the Keller Plan, making it operate as smoothly and
efficiently as possible. A typical flow chart by Leo (Fig. 1) and an example of
the modified Keller Plan flow chart used at Fort Valley State College (Fig. 2)
follows. This flow chart illustrates a practical approach to implementation of the
aforementioned plan.
The Keller PlcUi as described above is somewhat idealized and there exist
mcuiy modifications in the methodology but the educationed psychology basis and
the philosophy remain intact. Various modifications may arise because of; (1)
institutional and course restraints; (2) limited budgets; (3) time constraints of the
professor and students; and (4) lack of alternative modes of instruction. A Keller
Plan is likely to result when any or all of the constraints listed above are
operational. This study makes use of a modified Keller Plan - modified in the sense
that it embodies the following course and/or institutional constraints: a limit on
the number of test re-takes; single-tiered behavioral objectives; some formal
lecture periods for all students unless excused; a limited amount of time for
completion of units and submission of final grades; and a comprehensive fined
examination was a requirement for all students.
The rationale for the modification of the Keller Plan should become clearer
as classroom procedure and institutional policy is stated. At Fort Valley State
College, the elementary organic chemistry class met for four hours of discussion
11
When completes all unit
tests, receives a B.
I
Takes final exam and
receives a B or A.
Fig. 1. Flow chart of the Keller Plan adopted in chemistry by Leo.
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Fig. 2. Flow chart of the modified Keller Plan used at Fort Valley State College,
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per week, two one-hour problem sessions, and one four-hour laboratory period per
week. During the discussion session, short reading assignments were made from the
textbook and paperback books. The ACS objectives which pertained to the reading
assignment were related to the students. Each class period began with a question
and answer session of approximately a ten minute duration. Every student was
encouraged to talk out his frustrations and problems during this time. Valuable
feedback with respect to the teaching/learning process was obtained by this
procedure. The remainder of the class period was used to cover the reading
assignment, hopefully in a manner where student interaction would be at a
maximum.
Each student was required to purchase a set of paperback books. These books
were a vital part of this study, they reduced the time necessary to cover certain
topics while at the same time increasing comprehension of sitoject matter. Student
learning was enhanced through the use of paperback books because they provided;
(a) remedial work; (b) enrichment; (c) mini courses; and (d) sifljplementary material.
Paperback books also served as a personal tutor for the students.
Since higher intellectual skills were involved in problem solving, probiem
sessions were conceived as the place where a majority of the learning in
elementary orgcinic chemistry takes place. Students were asked to solve as many
problems as they could, while this investigator solved at least 40% of each problem
set. Students were encouraged to check the solution to the remainder of the
problems in the student guide. Examinations and quizzes contained up to 30%
problems.
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At the end of a unit, all students were required to take a unit test. Several
options were now open to the student according to the flow chart (Fig. 2) of this
study. A time limit on test taking and the number of tests attempted had to be set
so as not to overtcuc the resources of the college personnel assisting with this study.
Additional constraints imposed by the institutional requirements at Fort
Valley State College were: (1) mandatory class attendance? (2) final examination
policy; and (3) restricted grading periods dictating to a large extent the type of
Keller Plan which could be instituted. The above constraints led to a formulation
of the modified Keller Plan used in this study.
Using a modified Keller Plan (a one-man type) as a teaching model, implies a
most expedient use of in-house resources and equipment. A daily schedule was
formulated for students and teacher. It proved to be efficient and quite suitable
for control and it was in keeping with the working conditions and administrative re¬
quirements at Fort Valley State College, A sketch of the weekly schedule follows
in Fig. 3.
There is a key, but yet passive role, to be played by the professor in the daily
operations of the Keller Plan. He prepares study guides, makes unit tests ^d
quizzes, reviews testing programs, schedules tutorial services, supervises tutors and
laboratory assistants, conducts special lectures, arranges conferences and manages

















Laboratory Open at Other
Times Based Upon Student
Request
Fig. 3. Weekly activities utilizing a modified Keller Plan for teaching elementary
organic chemistry.
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A need for instructional improvement and innovations in the elementary
organic chemistry laboratory was noted by this investigator and a literature search
was made. According to the literature, there exist many different approaches to
the operation of the chemical laboratory. Recent articles from various journals
have called fa- the application of Piaget's theories and Bloom's "Taxonomy of
20
Educational Objectives" in the teaching of laboratory chemistry. In addition,
previous studies have shown that 50% of college freshmen are at Piaget's concrete
operational levels, rather than the formal operational level. In view of these facts,
this investigator decided to design an intellectual skills type organic chemistry
laboratory, and install it at Fort Valley State College.
The elementary organic chemistry laboratory met four hours per week and
was based upon a group of experiments common to those used by students in the
elementary organic chemistry laboratory at Morris Brown College, where a tradi¬
tional type of elementary organic laboratory was operational. The intellectual
skills type of elementary organic chemistry laboratory at Fort Valley State College
required some prior ledsoratory preparation by the student such as: (a) reading of
the laboratory ecperiment; (b) completion of a flow chart; (c) structuring of data
tables; and (d) consultation of the laboratory objectives based upon Bloom's
Taxonomy.
Twenty to thirty minutes of laboratory critiques were held before each
laboratory period. During the leiboratory critiques, the beisis for the application of
Piaget's and Bloom's notions were formulated In the following manner. The
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laboratory critique consisted of discussions relative to: (a) the theoretical basis for
the laboratory technique employed; (b) effective and efficient operations at the
laboratory bench; (c) rationale for crucial steps in the experimental sequence; (d)
collection of data and decision-making; (e) alternative laboratory procedures and
techniques; and (f) appliccible chemical calculations. An effort was made to provide
some students with extra accomodations by: (a) assisting with the laboratory
vocabulary; (b) explaining and reemphasizing procedural steps; (c) converting
complex laboratory operations to mini-operations; (d) setting up laboratory
equipment; (e) resptxiding to students who needed immediate assistance; (f) pairing
less skilled students with more skilled students in team experiments; (g) offering
opportunities to complete and to re-start experiments when results were not
accepted}1^ and (h) supplying a multi-level set of laboratory questions and
problems. An evaluation of student progress was done by means of: (1) laboratory
quizzes; (2) laboratory check list; (3) laboratory reports; and (4) laboratory test.
The questions on the tests and quizzes were drawn from the topics discussed in the
laboratory critique and the laboratory experiments. The questions were based on
the ipper level of Bloom's Taxonomy. The employment of Piaget's psychology of
intellectual stages was reflected in the scheme which gave extra accomodations to
some students, thus, providing a way for their transition from concrete to formal
levels of reasoning.
As a result of this type of laboratory, the student was expected to be able to
demonstrate intellectual skills and abilities used in the organic chemistry
laboratory. Ten ^ecific learning outcomes within the outline of the taxonomy
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were expected to be demonstrated by the student. The outcomes will be discussed
in the section entitled "Review of Literature", which will follow.
An evaluation of the laboratory knowledge of the student (especially
knowledge based qpon higher cognitive skills) was done by instructor-initiated
laboratory tests and a final comprehensive laboratory examination.
Assumptions
1. There is a random distribution of scores on the Toledo Placement Test with
respect to the control and experimental group.
2. The experimental group and the control group consist of students that are in
many ways academically equivalent.
3. The cognitive skills of members of each group cire sufficiently aissessed by the
THCLC Examination which serves as a predictor of academic success in
chemistry.
The effectiveness of the two instructional methods used in instruction is
reflected in the ACS test scores.
5. The effectiveness of the two different instructional methods can be measured
by teacher made paper and pencil tests.
Statement of the Problem and Hypotheses
The purpose of this study wets to compare the achievement of two groups of
students in elementary organic chemistry who were exposed to different methods
of teaching. The experimental group at Fort Valley State College was taught by
use of a modified Keller Plan with an intellectual skills type laboratory, while the
control group at Morris Brown College was taught by traditional methods and
exposed to a traditional laboratory. The study is designed to answer the following
question, "Is learning in elementary orgcuiic chemistry more enhanced when a
modified Keller Plan is used in instruction?". In an attempt to obtain a solution to
this problem, the following null hypotheses were proposed:
(1) There is no significant difference in the response to questionnaire items
pertaining to teaching methodologies by the control group students and
the experimental group students in elementary organic chemistry.
(2) The elementary organic chemistry textbooks and related paperback
books do not have reading levels which enable the beginning student of
organic chemistry to comprehend and understauid a major portion of the
printed pages.
(3) There is no significant difference in the collection of cognitive skills
possessed by students in the control group and in the experimental
group.
(4) There is no definite relationship between the cognitive skills of students




(5) There is no significant difference in the iaboratory knowledge of the
control group and the experimental group.
(6) There is no significant difference in the achievement of the control and
experimental group involved in this study based on their performance on
the ACS Elementary Organic Chemistry Examination.
Limitations of Study
This study is mainly concerned with the application of the modified Keller
Plcm to instruction in classes which are populated by prepared and under^prepared
students. Furthermore, this study does not intend to project the view that the
modified Keller Plan is a "cure all" for improving student achievement. However,
the Keller Plan is projected to be a novel method of evocative teaching by which
memy students can learn.
Definitions and Concepts
Traditional Instruction; A mode of classroom teaching which utilizes lecture
discussion, and textbook reading during scheduled class periods.
Feedback: Information djtained about an operation or about a procedure which
may be used for evaluation and improvement.
PSI: Personalized student instruction.
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THCLC; Test of Higher Cognitive Learning in Chemistry.
Reinforcement; A process of firmly establishing desirable learning through the use
of various inducements.
Achievement; The amount of knowledge obtained by a student after exposure to a
learning situation.
IPDT; Pieiget's developmental tasks.
Bloom*s Taxonomy; A classification by rank of cognitive levels.
Cognitive Skill; A type of intellectual reasoning ability which is necessary for
learning certain disciplines or performance of certain tasks.
Field Dependent Students; Those individuals who experience themselves connected
and related to others and tend to rely more on external sources of information.
Field Independent Students; Those individuals who experience themselves separate
and distinct from others and tend to rely on internal cues for processing
information.
Control Group; A collection of students who are not exposed to certain selected
variables.
Experimental Group; A collection of students who are exposed to certain selected
variables.
SAT; Scholastic Aptitude Test.
ACS; American Chemiceil Society.
Significance of Study
The Keller Plan method has not been widely applied to the teaching of
elementary organic chemistry. In fact, few accounts have been found in education
literature. This study should serve to fill a void and certainly bring out attributes
and limitations of an instructional mode for elementary organic chemistry.
Summary
This section has treated: (1) the possible causes for the diverse and somewhat
unique groups of students who typically enroll in elementary organic chemistry
courses at small colleges and universities; (2) the new and extra demands placed on
instructors of elementary organic chemistry brought on by the introduction of new
topics which are reflected in national standardized tests; and (3) plausible teaching




Before initiating this study, a review of current science education literature
was conducted. Information pertaining to the following topics weis compiled: (a)
Piaget's Theory of Intellectual Developm«it, as it applies to student readiness for
college level learning; (b) the Keller Plan, usage in a variety of teaching situations
and academic disciplines; (c) Cognitive Levels and Cognitive Skills, as they apply to
teaching strategies eind academic achievement; (d) Laboratory Innovations, as they
apply to the management of highly stimulating and efficient elementary organic
laboratories.
Piaget's Theory of Intellectual Development
Education has been the prime stimuli for the development of sophisticated
technology in our society, but ironically, it has made less use of technology than
industry and the armed forces. In fact, education has proved to be one source of
strong resistance to the use of technology for its own purposes. However, stimu¬
lated by the growing shortage of educational funds, the increasing number of under¬
prepared students, and heavy commercicti advertisement of goods and educational
services, the situation is changing rapidly.
Paul Mort has stated, in describing what is commonly called the "Mort Gap,"




most glaringly slow process and follows a predictcible pattern. Furthermore,
between insight into a need and the introduction of a way of meeting the need that
is destined for general acceptance, there is typically a lapse of a half-century.
Skinner makes the point that education is perhaps the most significant branch
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of scientific technology. Education affects the life of us all. Concerned educa¬
tors can no longer allow exigencies of a practical situation to suppress the
tremendous improvements which are in our reach. The practical situation must be
changed. To claim that the amount of knowledge abstracted by a student from
college mathematics, physics and diemistry could be explainable in terms of
developmental psychology would have been unlikely a decade ago. Yet, such a
statement seems to be educationally sound today because of the widely accepted
theories of intellectual development proposed by the Swiss developmental psycholo¬
gist and genetic q>istemologist 3ean Piaget. Functional intelligence is seen by
Piaget as a process of active adaptation by an organism to the physical and social
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environment. All intellectual activities assure underlying structures that develop
in an interrelated manner. Intelligence develops and knowledge results through
interaction with one's environment.
The four major periods of intellectual development are specified by Piaget's
theory as:
(1) Sensorimotor (birth to 114 or 2 years). During this first initial stage
reflex mechanisms are gradually coordinated and thus begin to modify
these reactions into more systematic actions involving the various
senses.
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(2) Pre-operations (2 to 6 or 7 years). Piaget asserts that a new stage of
developm«it begins as the chiid structures the dsility to represent
objects and events with symbols.
(3) Concrete Operations (6 or 7 to 11 or 12 years). 3ust as a general lack of
reversibility is the key feature of pre-operational thought, concrete
operational thought is characterized by the beginnings of reversible
thinking. Intellectual development has now proceeded to the point that
genuine "operations" as Piaget calls them, are possible.
(4) Formal Operations (11 or 12 to 15 or 16 years). Up to the beginning of
adolescence, thought is oriented toward concrete objects and events,
with limited extrapolation to what is hypothetically possible. Formal
thought is characterized by the ability to deal with ail possible
combinations of objects or events within a system of study.
The combination of factual materials, mathematical calculations and theories
that constitute modern chemical knowledge contribute toward making chemistry
one of the most intellectually demanding subjects in the college, university or high
school curriculum. The factual knowledge of chemistry is of no avail unless
accompanied by the ability to perform the logical operations necessary to
understand chemical structure and their corresponding properties. Williams, at the
University of Manitoba, Canada, drew attention to a pressing problem in the
24
teaching and learning of chemistry. That problem is whether die chemistry
student is operating at tiie concrete or formal level as described by Piaget, and
whether the chemistry student can be taught to become formal operational by the
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use of various teaching strategies. His study attempted to identify difficuities
experienced by chemistry students in performing six specific logicai operations at
the formai level. Test results indicated that science majors and third year students
were more formai than non-science majors.
During ifiis investigation students who were suspected of being on the
concrete reasoning levels, as evidenced by test items, classroom responses and
laboratory reports, were given outside classroom help in attacking test items and
question answering techniques. This investigator assumed that by recognizing
learning difficulties in some students (concrete operational), and employing
techniques to improve reasoning, some students might be moved from the concrete
operational to formed levels of reasoning. Thus, academic improvement should
result, based primarily on the transition of students to higher reasoning levels,
according to Piaget.
A review of recent Piagetian studies in intellectual development follows.
Nordland al studied the reasoning ability of 96 randomly
selected seventh grade students from a predomincintly black and
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Spanish-American urban junior high school. The students ranged
in age from 11.7 years to 12.6 years and were presented ten
Piagetian tasks. The results of these interviews show that 83.4%
of the seventh graders were at the concrete qjerational level,
while 15.6% were at the formal operational level.
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Renner and Stafford assessed the developmental level of 298
junior high school students (grades 7, 8, and 9) living in various
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parts of Oklahoma. They used six Piagetian tasks to assess
development. The results show that 77% were concrete c^era-
tional, 13% were post-concrete operational, and 6% were formal
operational.
Chiappetta and Whitfield investigated the cognitive develop-
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ment of high school seniors. They selected 26 seniors from
three academic tracks — vocational, general, and college pre¬
paratory — in a high school in a suburb of Houston, Texas. Three
tasks were given to each student. In the vocational group, 61.5%
were at the concrete qierational level, while 38.5% were at the
formed operational level. In the general track group, 53.8% were
at the concrete operational level, while 46.2% were at the formal
operational level. In the college preparatory program, 27% were
at the concrete operational level, while 73% were at the formal
operational level.
McKinnon and Renner questioned whether the majority of
college freshmen were mentally prepared adequately to deal with
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many science principles taught at the college level. Using five
Piageticm type tasks, the researchers found that approximately
50% of the college freshmen in their sample were concrete opera-
2S
tional thinkers, 25% were in transition to formai operational
thinking, and only 25% could be clearly classified as formal opera-
tioncd thinkers.
There has been a recent surge of interest, by some individuals whose job at
colleges and universities is primarily devoted to teaching, in the development of
more individualized methods of instruction such as computer-assisted or modular
self-paced academic courses. The rationale for this recent surge of interest may
be attributed mainly to several articles which appeared in the science education
literature during the sixties and seventies. These articles addressed the problems
of students who need extra accomodations in order to survive in certain academic
disciplines, and in general the academic world. One type of "self-paced
instruction" known as the Keller Plan or tt’SI) received considerable attention.
According to science education literature, the Keller Plan was installed by a large
number of psychologist, physicists and mathematicians, but the Plan was not
instcdled by many chemists. In a majority of cases cited above, the Keller Plan was
used in courses which had previously been taught in large lecture sessions and in
which the amount of personal attention available to the student had been minimal
by way of contrast. Most of the science education literature reviewed in this paper
exemplifies the fact that a more personalized approach to teaching and learning is
quite beneficial to most students and especially to that group of students who need
extra accomodation.
Many varied reasons have been used by professors in explaining their decision
to convert from traditional teaching strategies to the use of Keller methods. Leo,




(1) to offer an optional alternative to small lecture discussion sections;
(2) to offer a better approach to learning than the conventional spoon
feeding methods of classroom lecture;
(3) to offer self-paced instruction to highly motivated but academically
weak students.
In the latter part of the seventies, articles in the science education literature
began to appear which suggested alternate approaches to the teaching of
elementary organic chemistry. Among the new approaches was PSI and in
particular, the Keller Plan, along with various Keller Plan modifications. This
study is based upon the use of a modified Keller Plan in the teaching of elementary
organic chemistry. This very short review of related literature was taken from
journals, articles, professional meetings and private communications. These
modifications will be discussed.
Silberman and Parker installed a Keller Plan and presented a truly adtemative
32
instructional mode. They established two course sections and made a
comparative study - Keller Plan ^ the Lecture Approach. Achievement was
measured by administering to each course section the ACS examination in
elementary organic chemistry. Final mean course grades in the lecture section
were reported to be lower than those of students in the section using the Keller
Plan. Also, an attitude survey was administered. The survey indicated that
students thought that they learned more, worked harder, liked the sdbject better
and found the subject more interesting when it was taught by use of a Keller Plan.
Lewis and Wolf used a Keller Plan in an introductory chemistry class. They
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reported that all students did not enhance their learning abilities with the Plan, for
some lacked the required self-discipline, and some just perferred lecture. They
also addressed themselves to the question of economics and the feasibility of long
term Keller Plan courses. They concluded that there is a large investment of "start
up" time required for first year programs, for all study guides, quizzes and
examinations must be written and produced.
Kissling installed a Keller Plan in the physical chemistry course at Heidelberg
College and reported that this kind of learning system appears to be a reasonable
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alternative to the traditional lecture-discussion mode of presentations. Also, the
instructor/student relationship creates a partnershq) dedicated to completing
specific objectives at a known level of proficiency.
Eggleston and Brintzinger, University of Michigan, offered a course in general
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chemistry for a diverse, highly motivated, group of students using a Keller Plan,
The Keller Plan Weis also used in the laboratory. They reported that the majority of
the students felt that the course Wcis less competitive emd therefore, the grade
pressure was less. Eighty-one percent of the students felt that their understanding
of chemical principles was better than it would have been in a conventional course.
Hendricks evaluated student achievement in introductory chemistry by means
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of course grade analysis and ACS test scores over a five year period. He
reported that there appeared to be no significemt difference in the performance of
students during years when the Keller Plan was operational and other non-Keller
Pleui years.
31
Kemp tailored an advance course in physical chemistry to the needs of the
student while teaching at the University of Tulsa, by making the course self-
paced.^^ The needs of his sample of students were quite different for they
constituted petroleum engineering majors, chemistry majors, chemical engineering
majors and geology majors. Departmental heads decided what particular topics
were most suitable for their majors and each student selected learning packages
after consulting with the departmental heads. A test package for each discipline
represented was prepared, with some overlapping. A questionnaire given at the end
of the course indicated that student response to tailoring of the course to meet the
needs of individual disciplines has been very positive. Further, when a student was
convinced that an effort was being made to fit his particular need in a course, he
usually responded with more enthusiasm euid a greater desire to perform well in the
course.
White, Close and McAllister introduced a modified Keller Plan at the
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University of Texas in 1971 for the purpose of instructing general chemistry.
The course consisted of twelve units and attracted volunteer students only. Direct
student/teacher interaction was an integral part of the course. Data was available
from one other section of the course which used the lecture method and was used
for comparative purposes. Statistical results were said to be uncertain because of
smcdl samples. However, a conclusion was drawn which stated that die Keller
method ojuld be used in most courses where the material being covered does not
lend itself to a variety of interpretations.
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Bibeau taught a group of mixed ability high school students by a PSI method,
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very similar to a Keller Plan by using programmed materials. The learning
system was said to be flexible enough to allow a student to move from low level
(appreciation) work to a higher level (college bound) work. Some advantages of this
approach were as follows: (a) students in testing situations performed as good or
better than students taught by traditional methods; and (b) continuity in course
work was always maintained for course units were self-contained.
An experiment in teaching large classes was conducted by Day eind Houlk at
Ohio University using PSI methods which contained many features of a Keller
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Plan. The objective of the experiment was to provide independent instruction
with maximum freedom in spite of large classes. The students were provided with
detailed behavioral objects for the course study material and a class library. Thirty
lectures were presented but attendance was optional. Tutorial or self-help sessions
were meindatory. The final examination for the course was offered four times per
quarter. Whenever the student passed the final examination, he was assigned an
appropriate grade. An analysis of variance test was run to determine if there
were any differences between the experimental group and the section taught by
conventional methods. Some of the variables used were SAT mathematics, SAT
verbal, ACT comprehensive, previous cumulative averages, and year of high school
chemistry. Significant differences were noted between the classes in the following
areas; ACT social science, natural science and comprehensive scores; previous
accumulative averages and course grades. Grade distribution indicated there was
no significant difference between the classes, but the regular class had a large
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percentage of C and D grades. Student questionnaires indicated that many students
favored the new teaching approach. Also this approach seemed to work well for a
large cieiss of students. The structure of the above course requires an investment
of faculty time in excess of the time which would have been devoted to teaching a
traditioncil course. In future courses the time necessary to supervise sections 50-
100 students was projected to be not much more than the time required to teach
15-25 students in iecture/discussion sections, based upon the stock-piling of
material and improved managerial efficiency.
Leo installed a Keller Plan for teaching general chemistry at Barrington
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College. He discussed the mechanism of the Keller Plan, and the roles of the
instructor and the tutors. Also he made grade comparisons and concluded that
because of the built-in nature of the Keller Plan, the grades of students do not
follow a normal curve. Consequently the number of A and B students are greatly
increased. Also, students \»^o took the Keller Plan did much better in their final
course grades than the conventional group.
The Elementary Organic Chemistry Laboratory
The organic laboratory and the lecture-discussion session as conceived of by
this investigator are related, and each is assumed to complement and reinforce the
other. The totality of a student's learning experiences in elementary organic
chemistry is assumed to be derived from only the two sources mentioned above.
Teaching improvements were attempted in the lecture-discussion portion (Keller
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Plan) and in the laboratory portion (Intellectual Skills Approach). Testing and
evaluations were done separately and also in combination. The relevance of the
laboratory portion of the course to the study lies in the fact that the laboratroy
constitutes a very significant portion of the total learning experience of the
elementary organic chemistry student. A review of literature pertaining to
laboratory systems and operations follows.
A growing body of literature indicates that during recent years, various
improvements have been attempted in the elementary organic chemistry labora¬
tory. These improvements have predominantly consisted of;
1. the introduction of new experiments which include fundamental
techniques and procedures but also contain physical and theoretical
concepts;
2. the implementation of project-oriented laboratory through which the
student experiences some aspects of scientific inquiry, i.e. data inter¬
pretation, hypothesis formation and hypothesis testing;
3. the introduction of factorial design laboratory;
4. the creation of in-house situations and problems which enhance the
students' thinking ability, i.e. toward formal abstract thinking pro¬
cesses as advocated by Piaget;
5. the use of guided inquiry Iciboratory for elementary organic chemistry
students;
6. the introduction of the intellectual skills laboratory for the elementary
organic chemistry students.
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Seemingly, the general philosophy upon which the above improvements reside
is the notion liiat worthwhile laboratory work for undergraduate organic chemistry
students should serve a wide spectrum of students and encompass several
objectives. These objectives can be summarized as follows:
1. to acquaint the student with appropriate techniques, tools and
materials;
2. to introduce the student to scientific investigations;
3. to foster the development of useful techniques and laboratory skills;
to relate material in the classroom activities and reinforce them;
5. to develop desirable positive attitudes that the lcd>oratory work is
meaningful and has many applications to the students' chosen discipline.
While duly recognizing improvements in teaching strategy and methodology,
the most important question remains: What should a student do in the elementary
organic chemistry laboratory, if educational goals and learning opportunities are to
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be maximized? Young attempts to answer this question. According to him.
The common practice of presenting the student with an experi¬
mental plan designed by someone else (such as the author of a
laboratory manual) is a valid means for teaching techniques and
for showing by example how a laboratory procedure is designed to
fit an investigation while helping a student to gain confidence in
his own handling of apparatus. But further applicability seem to
be limited. The student from the freshman year onward needs
opportunities to design his own procedures. Laboratory work is of
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lesser consequence to the student unless the data he detains is at
least in part, new to him, and/or obtained by a procedure which
includes his own ecperimental design, or a design suggested by
others.
Besides experimental designs, there exists a problem of conveying to the
student exactly what is expected of him. According to educational research, the
aforementioned task can best be accomplished by a set of well-prepared laboratory
objectives. Currently accepted objectives of laboratory instruction, according to
Young, include a few which can not be behaviorally described with confidence, and
others which can be so described, but even so, are neither made explicit to the
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student nor are they used to evaluate his work.
Unless specific behavioral objectives are recognized by the student as the
criteria upon which his performance is evaluated, the purpose of the laboratory is
vastly compromised and negated. In such cases, both the student and the professor
may well view the laboratory as non-productive.
Young suggested the establishment of a set of genereil laboratory achieve¬
ment dbjectives which might be easily understood by all students. The degree of
achievement by the student in the chemistry iaboratroy can then be qualitatively
evaluated by the professor based upon the set of genereil laboratory objectives. The
general laboratory objectives follow:
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1. to directly acquire some descriptive chemical knowledge and
organization of this knowledge with other descriptive information
obtained from books:
2. to manipulate reagents and s^paratus so that a reliable measurement or
observation Ccin be made;
3. to observe critically;
4. to interpret data;
5. to present a clear exposition of the interpretation of the data; and
6. to plan and carry out further laboratory work which will extend and
amplify these data and their interpretation.
During tiie remodeling of the elementary organic chemistry course at New
hh
York University, Silberman and McConnell modified the organic laboratory to
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complement, the newer lecture methods advocated by Smith, and Battino and
Rose.^^ According to Silberman, the laboratory course began in a conventional
manner with conventional experiments. But no laboratory manual was used.
Students were asked to go to the library and find suitable experiments. In order to
aid the student as much as possible, a large number of laboratory texts and
standard reference works pertaining to organic chemistry were put on reserve.
Handouts and some lecture time was devoted to describing the references. A
detailed laboratory report was required which prescribed a certain format.
Students were required to submit a laboratory plan including a flow chart to the
instructor for his approval three days prior to performing a laboratory experiment.
38
Organic laboratory courses characteristically follow a pattern: a progression
of laboratory techniques is introduced through a series of exercises organized to
follow roughly the chemistry being discussed in the lecture, and an individual
exercise normally begins with a specific discussion of the chemistry and techniques
to be performed ^d concludes with a detailed infailable procedure. For ihe
student, the goal of the exercise is to follow the prescribed format as carefully and
as closely as possible to achieve optimum results. This method of ^proach is
termed traditional or conventional and it effectively teaches individual techniques
and has a proven record of success.
Wade summarizes the deficiences of the traditional (conventional) approach
to elementary organic laboratory and the attributes of the innovative non-
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traditional project oriented type of elementary organic laboratory. The
deficiencies of the traditional (conventional) approach to elementary organic
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chemistry laboratory were given by Wade as follows:
1. Cookbooking. Since optimized procedures are provided,
students can successfully complete the course by following
the manipulative instructions without acquiring a funda¬
mental understanding of the rationale behind any given
manipulation and how it might be spiled in another
situation.
2. Determinism. Instead of emphasizing the experimental
nature of chemistry, traditional exercises reinforce the
impression that there is a unique "right” way to perform any
given procedure and that there is a unique "right" result.
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3. Lack of Experimental Design. A chemist must be able to
translate a paper reaction into a series of procedures
involving appropriate reaction temperatures and solvents
and using effective isolation and purification techniques.
This thought process is rarely encountered in undergraduate
organic laboratories.
4. Ignorance of the Literature. In many departments there is
no formal process by which the chemistry majors are trained
to use the chemical literature. Although most of them
receive some exposure through their undergraduate
research, an earlier formal introduction to the most impor¬
tant sources would provide a significant advantage.
5. Instructor Ennui. Even a patient instructor has difficulty
maintaining a high level of interest throughout several
sections of students doing the same experiment and
repeatedly asking the same questions. The students often
have put little or no thought into the experiment, since they
must simply follow instructions to achieve the proper result,
and the instructor knows all the answers to all of the
questions before they are asked.
On the other hand, Wade gives the following attributes for the non-traditional
project-oriented type of elementary organic chemistry laboratory.
1. The students quickly learn that they must come to lab well-
prepared or they will accomplish nothing.
2. Individual thought is not only encouraged but also mandated.
Once accustomed to doing their own thinking, the students
relish their independence and the feeling of running their
own shows.
3. The realism provided by having to develop and modify
reactions to get them to work helps to prepare students for
the methods used and frustrations encountered in research.
4. The students are compelled to learn at least the general
organization of the diemical literature. This introduction is
useful even for the non-chemistry majors, since the litera¬
tures of many fields of science are similariy organized.
5. Critical reading of textbook reactions and literature results
is encouraged. Students who begin by looking for the highest
possible numerical yields in the literature soon learn to
appreciate the difference between instrumental yields and
real (isolated) yields. The value of a simple, yet effective,
workup procedure is also emphasized, since most unsuccess¬
ful student preparations involve a loss of product in the
purification process.
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6. Since the students are working on different projects at
different rates, the demand for specialized pieces of
equipment is spread out over the semester. This staggered
demand allows for less duplication of equipment, and
equipment for a wider variety of techniques (or a larger
number of students) can therefore be bought on a limited
budget.
7. Students are made aware of a far greater number of
techniques than could be covered in the same length of time
in a traditional course. Each student must weigh the
advantages and disadvantages of a number of techniques
when developing a synthetic procedure. In addition, the
students see their peers performing all the basic reaction
and separation techniques and a large number of research
techniques rarely encountered in undergraduate courses.
Fife states that in view of the importance of laboratory work in the education
of chemists and the expense of offering laboratory instruction, in terms of student
and staff time, and cost of facilities, eqiupment and supplies, educators should
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assign highest priority to the design of quality laboratory programs. Beginning
in 1962, the chemistry curriculum at Muskingum College has undergone constant
revision with emphasis on improvement in the chemistry laboratory. The kind of
elementary organic chemistry laboratory designed was problem-oriented instead of
experiment-oriented. Fife also draws a distinction between problem-oriented and
experiment-oriented types of laboratories by stating that.
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Professional chemists seek answers to questions—solutions to
problems. They are problem-oriented, not experiment-oriented.
In chemical research, the individucil experiment is a meams to an
end, not an end in itself. The relevance of this idea to
undergraduate laboratory instruction is pointed up by the ques¬
tions often raised by students while at work in a laboratory: "Why
am I doing this experiment?" "What is its purpose?" "How is this
experiment related to the lecture matericd?" Students have more
often become bored with laboratory work when the experiments
are the ends (experiment-oriented) rather than the means of a
laboratory program (problem-oriented).
Newman and Gassman have proposed an experimental elementary organic
chemistry laboratory to accomodate from 8 to 10 highly motivated and selected
students.^® The main features of such laboratory courses are listed below:
1. Each Student Has Laboratory Space of His Own. Thus, at
the end of a laboratory period, a student needs not put away
his experiment. Experiments requiring more elaborate
equipment and longer reaction times can be performed.
Also, students can come in at almost any time to do extra
work. The only regulation on the latter feature is that there
be a graduate student (the assistant in the course) or some
other responsible supervisor present.
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2. The Type of Laboratory Apparatus Supplied Each Student Is
Comparable to that Provided to Graduate Students Doing
Research for Advanced Degrees. In this way, a student
learns to use and care for modem equipment. Thus, better
results may be obtained in many experiments and more
sophisticated experiments may be run.
3. There Is No Assigned Laboratory Mctnuai. Instead, students
are encouraged to buy their own books concerned with
laboratory techniques and manipuiations. No experiments
are done on a "cookbook" basis. Rather, certain objectives
are discussed in laboratory lectures and then each student,
in an individuai conference, decides what he wiii do. Often
two or more students wili set up experiments designed to
test the effect of certain variabies on a reaction, and each
wiii carry out his part independentiy. In this way, a research
atmosphere is encouraged. Students are required to repeat
certain experiments to see how weil they can dupiicate their
own results and to see how much easier it is to run an
experiment when they have had a littie experience with it.
4. The Use of the Library is Taught and Encouraged. In this
way, students learn to check on different ways of accom-
piishing certain objectives. Also, the quality of reports is
improved.
44
5. Qualitative Organic Analysis as a Course is not Given.
Rather, students are taught to use modem analytical
instrumentation in die course of their work as well as
traditional methods. Chromatography (column, vapor-liquid,
and thin-plate) is encouraged as well as spectrographic
(infrared and ultraviolet—even on occasion, NMR) methods.
6. Numerous Lectures on Laboratory Aspects of Organic
Chemistry are Given. One to three hours of lecturing is
done per week. Thus, some of the experience of the lecturer
is made available to the students. Also, the students are
urged to compare notes on experiences in their own work.
7. Experiments Requiring Special Apparatus and Techniques
may be Assigned. All of the students do experiments which
involve the use of liquid ammonia and hydrogen flouride.
Bomb reactions, vapor phase reactions, and ozonization are
also almost universally used.
8. In All of the Work Done in this Course, the Emphasis is
Placed on Doing Superior Work, Not Just on Getting a
Certain Number of Experiments Finished. In this respect,
the student will generally repeat ®cperiments in which his
initial results were unsatisfactory. This often shows the
student where he is making mistakes.
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In a project laboratory, instituted by Steinfeld, for elementary chemistry
students,each student had to choose a series of projects in order to satisfy the
laboratory requirements. The list of projects, many of which seem to be relevant
to elementary organic chemistry, was broad in scope to encompass student interest,
student background, and the availability of equipment.
Smith and Billingham, on the other hand, used a factoricd design in
52
undergraduate organic chemistry experiments. They sought to devise experi¬
ments which could draw attention to specific design techniques. According to the
authors most chemistry curricula and textbooks take little note of efficient
experimental design and statistical evaluation of data.
Studies have shown that systematic, carefully structured instruction and
activities can be designed to teach and increase intellectual skills and abilities.
Past experiences have also shown that the mere presentation of problems used in
the laboratory manual and then allowing the student to "stumble" on the solution by
whatever means is ineffective and very frustrating both for the student and the
laboratory instructor. Recent papers in the Journal of Chemical Education have
called for an application of both Piaget's theories in the teaching of chemistry and
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to the teaching of chemical laboratory skills.
The so-called intellectual skills approach to teaching and learning of
chemistry is based upon the aforementioned theories and (*jectives. The six main
categories of Bloom's "Taxonomy" are considered as one of its unique features. The
categories are: (1) knowledge; (2) comprehension; (3) application;(4) analysis; (5)
synthesis; and (6) evaluation. The "Taxonomy" is viewed as a hierarchy; i.e. each
46
skill is built upon the assumed acquistion of the previous skill. In addition, the
"Taxonomy” progresses from simple to complex, and from concrete to abstract.
Although no clear distinction should probably be made, some educators suggest that
comprehension, application, and some types of analysis can be done by an individual
at Piaget's concrete operational stage; whereas most analysis, synthesis, and
evaluation Ccin only be done by a formed operational individual. The student must
be challenged by providing learning experiences in the q}per categories of the
"Taxonomy". This can be done by writing explicit behavorial objectives to ensure
their inclusion in the teaching/learning scheme.
Summary
A modern and an effective way of teaching an elementary organic chemistry
course requires the application of educational psychology (particularly Piaget), the
restructuring of teaching strategies so as to accomodate the various cognitive
styles of various students, the devotion of a vast amoiint of time and effort in
assisting the student in transferring from the concrete level to the formal level of
operation, the use of novel teaching methodologies (Keller Plans, Programmed
Assisted Learning, Mini Courses, PSI), and new teaching strategies with emphasis
on self regulation. Since many students will enter elementary organic chemistry
classes still reasoning on the concrete level, extension of the classroom and the
teacher should be the rule rather than the exception.
1^7
A consideraible portion of the knowledge assimilated by students of organic
chemistry is obtained through adequate experiences in the organic chemistry
laboratory. The chemical literature cited contains much information on new
approaches to elementary orgcinic chemistry laboratory, instruction, cost effective¬
ness in the elementary organic laboratory, and new methods of elementary organic
Iciboratory organization. A choice of options exist for the professor in structuring
an elementary laboratory which serves the student population well and yet is in
keeping with the available instruments and other resources of his institution.
CHAPTER in
METHODOLOGY AND EXPERIMENTAL DESIGN
A number of studies have been cited which indicate relationships and
connections between educational psychology (particularly Piaget), the instructional
method, the delivery system of the professor, the design and implementation of a
quality elementary organic chemistry laboratory, the cognitive style of the
individual student and the personalized and criterion referenced type of learning
systems (particularly the Keller Plan).
Evidence presented in Chapters I and II indicate that the teaching and
learning process must constitute input from both the teacher and learner through
complex psychological interactions based upon Piaget's learning levels, the
cognitive style of the student, the instructional design, and the teaching strategy.
Chemical literature cites the need to improve the classroom performance
(accountability) of the professor and at the same time enheince student learning by
establishing an optim2d learning climate in the classroom. The main thrust of the
study focuses on those contributions which can be made by the professor in
dispensing knowledge and promoting desirable learning ecperiences for students —
especially the siow, the poorly motivated aind the disadvantaged.
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At the beginning of this investigation it was necessary to obtain certain
general informational data about the two student groups and ^ecific information
about individuals within each group. The purpose of obtaining this entry level or
baseline data was to establish the intellectual plane of each student and
consequently each group. In this way, academic gains and test performances can be
indexed or referenced to baseline data. The Toledo Placement Test and Student
Questionnaire I were designated as baseline data.
EXPERIMENTAL DESIGN
With departmental permission, an experimental group of first year organic
chemistry students from Fort Valley State College was assembled in Organic
Chemistry 201, 202 and 203 during the school year 1978-79. A similar sample
control group of first year orgcinic chemistry students were assembled in a similar
course in Organic Chemistry 231 and 232 at Morris Brown College.
To be more specific, match group model was chosen as the experimental
design for this investigation. Subsequently, a plan was made to collect data from
each group of students within time intervals of a few days. The Toledo Placement
Test and Student Questionnaire I were administered in the month of October, 1978
at Fort Valley State College and at Morris Brown College. Student Questionnaire II
and the Cognitive Skill Test were administered early in the month of December,
1978 to the experimental group and the control group on their respective college
campuses. In January, 1979, Student Questionnaire III was administered to the
experimental and the control group on their respective college campuses. During
the months of April and May, 1979 and essentially after the course in elementary
organic chemistry had been completed, the American Chemical Society examina¬
tion in elementary orgeinic chemistry cuid the Laboratory Skills Test, were
administered to the experimental group and to the control group at Fort Valley
State College and Morris Brown College respectively. As the data from the
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standardized instruments, student questionnaires and teacher made laboratory skills
test was gathered, an effort was made to analyze, interpret, and assemble the data
in such way that a comparative study of the student groups could be made.
Subsequently, the data was incorporated into this dissertation.
The experimental group made use of other textbooks and paperback books as
supplementary course matericds which were correlated with chapters in Morrison
and Boyd, the adopted course textbook, for all student groups. In comparison,
students of the control group were only casually exposed to the use of other
textbooks and paperbacks as supplementary matericds.
After the experimental group and the control group completed the Toledo
Placement Test, the test was scored and the scores analyzed by the method of
covariance. According to statistical calculations, there was no significant
difference between different group performances on specific areas of the test and
group performances on combined areas of the test. Information gathered by use of
Questionnaire I indicated that SAT scores of students in the control group, located
at Morris Brown College, were on the average higher than those of students in the
experimental group, located at Fort Valley State College. This difference in SAT
scores may be attributed to the fact that many students in the control group were
from urban areas where educational opportunities were probably better. In addi¬
tion, Morris Brown College has higher admission standards than Fort Valley State
College. According to other base line information the intellectual planes of the
control and the experimented groups were quite similar, the only exception being in
SAT scores.
METHODOLOGY AND PROCEDURES
The control group and the experimental group being situated on college
campuses approximately 100 miles apart had no conceivable way of interacting.
Each of the instruments and questionnaires were administered to each group on
each campus at convenient times during the 1978-79 school year. A more detailed
description of the methodology and procedure for obtaining desirable data follows
in Table 1.
Using a modified Keller Plan (a one-man type) as a teaching model, implies a
most expedient usage of man-hours, resources, and equipment. A chart was
formulated for students, tutors and teachers. It proved to be efficient and quite
suitable for maintaining control. It was also quite functional with respect to
conditions and administrative guidelines at Fort Valley State College. Refer to
Figure 3 for a sketch of the diart. Also see Appendix A for a copy of the course
outline and sample unit test used in this study.
A Description of the Population
Fort Valley State College, a unit of the University System of Georgia, located
at Fort Valley, Georgia, is a land grant college which serves principally minority
students from the middle Georgia area. The full time student population is
approximately two thousand (2,000) full time persons. The college offers five (3)
associate degrees, seven (7) bachelor of arts degrees, thirty-six (36) bachelor of
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Table 1. Table of Evaluation Procedures.
EXPERIMENTAL GROUP CONTROL GROUP
Modified Keller Plan Traditional Lecture Method
Base Line Data Base Line Data
Toledo Placement Test Toledo Placement Test
Student Questionnaire I Student Questionnaire I
Cognitive Skill Test Cognitive Skill Test
American Chemical Society American Chemical Society
Elementary Organic Chemistry Test Elementary Organic Chemistry Test
Laboratory Evaluation Laboratory Evaluation
Teacher-Made Test Teacher-Made Test
Comparison of Teaching Method Comparison of Teaching Method
Student Questionnaire II Student Questionnaire II
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science degrees «ind five (5) masters of science degrees. Fort Vedley State College
has a four-fold mission which is realized through liberal arts education, graduate
study in education (masters level), agriculture research, and community service.
The experimental group was located at Fort Valley State College and
consisted of students from Georgia with 90% living within a 50 mile radius of
middle Georgia and two students from Africa. There were four (4) chemistry
majors, five (5) pre-med majors, two (2) home economics majors, seven (7) biology
majors, one (1) agriculture major and one (1) biology education major.
Morris Brown College, a unit of the Atlanta University Center, is a liberal
arts college located in Atlanta, Georgia. The college serves predominantly
minority students from the southeastern region of the United States. Approxi¬
mately two thousand (2,000) full time students are enrolled at Morris Brown. The
college offers six (6) Bachelor of Arts Degrees and twenty-four (24) Bachelor of
Science Degrees. Morris Brown College has as its main mission the offering of
quality liberal art education through its day and evening classes.
The control group wais from Morris Brown College and was more varied with
respect to geographic location. Most of this group was from the southeastern part
of the United States with a few students from the large population centers of the
northern United States and Africa. The composition of this group weis ten (10) pre-
med majors, three (3) chemistry majors and seven (7) biology majors. Despite the
disparity between liie groups' geographic origins, the groups were quite homo¬
geneous with respect to goals, aspirations, and prior educational experiences.
DESCRIPTION OF INSTRUMENTS
Base Line Data
Student Questionnaire I was administered to all student groups in order to
seek answers to questions related to high school science and mathematics
preparation, career goals, sex, college science and mathematics courses and grades,
college majors, SAT scores, general chemistry grades, and classification. See
Appendix B for a copy of Questionnaire I used in this study.
The Toledo Chemistry Placement Examination was administered to all
students of the control group and the experimental group in order to ci>tain
information about the background of typical students who may be entering a course
in elementary organic chemistry. Acknowledging that students enter the course of
elementary organic chemistry with varied backgrounds and in many cases serious
learning deficiencies, information was gathered on specific areas of assumed
competencies.
The aforementioned areas of competencies as defined by the test makers
were considered essential for successful performance and overall achievement in
any chemistry course. These ^ecific areas of competency are; arithmetic and
algebraj general knowledge; formulas and nomenclature; equations; algebraic
formulations; and chemical problems.
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A summary of data obtained by use of Questionnaire I and the Toledo Piace>
ment test is found in this chapter.
The Toledo Placement Test is a type of achievement test in general
chemistry which measures the achievement of students seeking a place in
accelerated beginning college chemistry or credit for a general chemistry course
taken in high school. It constructs a learning profUe for a student based qjon
certain competencies in the following areas:
Part Items Points
I. Arithmetic and Algebra 15 15
II. General Knowledge 25 25
III. Formulas and Nomenclature 10 10
IV. Equations 6 12
V. Algebraic Formulations 6 15
VI. Chemical Problems 5 20
TOTAL 67 100
A statistical summation of the test and scoring procedures follow in Table 2.
A statistical analysis of data gathered by the Toledo Placement Test was
done by the methods of covariance analysis and Is presented in Tables 3 and 4.
Also, a calculation of mean scores for all control and experimental group students
was done on each sub-area of the Toledo Placement Test and the results presented
in Table 5.
Table 2. A Statistical Summation of the Test and Scoring Procedures of the
Toledo Chemistry Placement Examination Form 1967.
%tile Weighted %tile Weighted %tile Weighted %tile Weighted
0.1 3 16 34 61 56 93 78
0.3 13 20 36 65 58 94 80
0.7 15 24 38 68 60 96 82
2 17 29 40 72 62 96 84
3 20 32 42 76 64 97 86
if 22 36 44 79 66 98 88
6 24 40 46 82 68 98.9 90
7 26 45 48 84 70 99.3 92
10 2S 49 50 87 72 99.8 95
12 30 53 52 90 74 99.9 98




^Reaiibility coefficient estimated by the Kuder-Richardson Formula No. 21 Scoring
Formula:
Part I Number Right X 1
Part n Number Right X 1
Part III Number Right X 1
Part IV Number Right X 2
Part V Number Right X 3
Part VI Number Right X 4
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Did You Follow the
High School Science Track
Male Female Verbal Quantitative Yes No
1 X 360 420 B B A C X
2 X 490 340 C B A B X
3 X 460 320 C C B X
4 X 380 310 C C C X
5 X 420 390 B A B X
6 X 520 350 B A B X
7 X 470 330 C C C X
8 X 310 380 B A B B X
9 X 460 410 C C C X
10 X 510 490 A A C B X
11 X 390 420 B B B X









Did You Follow the
High School Science Track
Male Female Verbal Quantitative Yes No
13 X 530 440 A B B X
14 X 380 420 B A C X
15 X «00 380 C C B B X
16 X 410 360 B C C X
17 X 380 410 A B B X
18 X
'
400 310 B C A X
19 X 460 320 C C B X
20 X 420 340 B C C X








Oid You Follow the
High School Science Track
Male Female Verbal Quantitative Yes No
1 X 300 410 A B A C X
2 X 420 510 A A A A A A X
3 X 360 320 B B B A B X
4 X 420 320 C B A
5 X 330 230 C C C B X
6 X 370 410 B B B B X
7 X 290 250 C C B C X
8 X 330 320 B C B B X
9 X 350 340 A B B B X
10 X 240 320 C B C C X
11 X 380 210 B B B B X









Did You Follow the
High School Science Track
Male Female Verbal Quantitative Yes No
13 X 280 240 C C C C X
14 X 410 210 A C A B X
15 X 300 330 B A C A X
16 X 410 310 B B B C X
17 X 460 230 A C B C X
18 X 430 . 260 C C B X
Table 5. A Comparative Summary of Mean Scores for Subtest Areas of the Toledo Placement Chemistry
Examination.
Parts Items Maximum Score
Points
Experimental Scores Control Scores
Arithmetic and Algebra 15 15 10.5 9.8
General Knowledge 25 25 15.5 16.3
Formulas and Nomenclature 10 10 4.1 6.2
Equations 6 12 5.0 6.4
Algebraic Formulations 6 18 11.6 10.2
Chemical Problems 5 10 4.0 5.5
TOTAL 67 100
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A table of critical values revealed that the calculated F value of 1.04 was
less than 2.19 at the 0.05 level of confidence (see Table 6). There is no significant
overall difference between the performance of the control group and the
experimental group on (a) specific areas of the Toledo Chemistry Placement Test
and (b) on the overall Toledo Chemistry Placement Test.
Description of Instruments
The Test of Higher Cognitive Learning in Chemistry was devised in 1978 by
Wolf who sought to measure the higher cognitive skills of elementary chemistry
students. The test items consisted of chemistry questions which were rated
according to Bloom's Taxonomy of Higher Education Objectives Cognitive Domain.
According to Wolf, test items of the objective type, could not be easily devised
which represented all levels of Bloom's Taxonomy, so a compromise was made. The
test contains only four cognitive levels (Bloom's lowest three levels and a combined
highest level). Several variables were found to correlate very highly with test
scores. They ares SAT Math scores, SAT Verbal scores, SAT total scores, high
school physics grades, high school chemistry grades, emd college chemistry grades.
The maximum possible score on the THCLC is 40; mean score 19.4, standard
deviation 5.8, reliability (coefficient alpha) 0.74, mean item difficulty 50.6 and
mean item discriminability 35.5. A summation of test results can be observed in
Table 7,
Table 6. Summary Analysis of Control and Experimental Group Performances on the








Between Groups 1 10.66 10.66 2.53 1.04
Within Groups 37 11.34 30.64
Totals 38 22.00 57.89
*
Not significant beyond the .05 level.
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1. SAT Math Score 0.37 0.35 0.39 0.25 0.43
2. SAT Verbal Score 0.25 0.23 0.22 0.11 0.24
3. SAT Total Score 0.35 0.34 0.32 0.23 0.39
4. H. S. Chemistry Grade 0.08 0.13 0.19 0.10 0.19
5. H.S. Bioiogy Grade 0.09 0.11 0.13 0.06 0.13
6. H. S. Physics Grade 0.08 0.14 0.22 0.08 0.20
7. No. H. S. Math Courses 0.18 0.17 0.22 0.15 0.24
8. Highest Math Levei
Attained 0.21 0.24 0.24 0.15 0.27
9. Math Grade at Highest
Level 0.16 0.15 0.23 0.08 0.20
10. General Chemistry Grade 0.38 0.47 0.49 0.34 0.56
Piease note subtest diaracteristics with reference to mean item difficuity. Test
items have been assigned numerical values based upon Bloom's Taxonomy of Higher
Educational Objective in the cognitive domain. Knowiedge= 1, Comprehensions 2,
Applications 3, Highest Objective (evaluation, synthesis, and anaiysis)s 4-6. This
table correlates each background variable with scores made on various level test
items. Note that there exist a high correiation between SAT Math Scores, General
Chemistry Grades, and High Math Level Obtained.
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Student Questionnaire II consisted of twenty-nine objective items pertaining
to student opinions on the methodoiogy of teaching. The experimentai group and
the control group of students were asked to respond to all items on the
questionnaire. Each questionnaire item was to be rated on a scale of one to five,
respectively (fractions permissable). A summary of average item ratings are given
in Chapter IV. A graphical summation of the same data is also presented in
Chapter IV. Appendix C gives an illustration of Student Questionnaire II.
The ACS Cooperative Test in Elementary Organic Form 1974 was adminis¬
tered to the control group and to the experimental group. The characteristics of
the norming groups for this examination is given in Figure 4. This test is widely
used in the United States for diagnostic and placement purposes. A description of
the characteristics of the groups used to establish test norms follows. The test is
composed of seventy (70) items and last one hour and forty minutes. A raw score
of 60.5 is equivalent to a percentage rating of 99 while a raw score of 38.3 is
equivalent to a percentile rating of 50. The maximum possible score is 70. The
reliability coefficient as established by the Kuder Richardson Formula is 0.882.
Number of Students 1,847
Number of Institutions 61
Semester Hours: Range 3-10
Mean 6.8
Lecture Hours per Week Range 2-7
Mean 3.1









Professional Goals: Chemistry or Chemical Engineering 14.3%
Science Major other them Chemistry 28.3%
Engineering other than Chemical 0.5%
Medical Sciences 48.4%
Nursing, Home Economics or Agriculture 0.1%
Non-science Profession 1.3%
Undecided or Unspecified 7.1%
Fig. 4. Characteristics of norming groups for the ACS examination in elementary organic chemistry,
A Comprehensive Laboratory Practical Examination
In Elementary Organic Chemistry
A literature search did not reveal a standardized laboratory practical
examination in elementary organic chemistry to be available. Therefore, the
construction of such an instrument was necessary for completion of this study. The
task of preparing the aforementioned examination consisted of reconstructing
representative test items from past organic laboratory practicals given at Fort
Valley State College, and selecting and refining laboratory test items from several
widely used elementary organic laboratory manuals. A multiple choice format was
adopted for construction of test items based on Medelsky's general test construc¬
tion guidelines and his specific suggestions for multiple choice test items.^^
Despite some common limitations in multiple choice testing (assessment limited to
verbal learning and recognition of correct response), this investigator sought to
secure evidence concerning how effective student understanding in the elementary
organic chemistry laboratory could be assessed through such an objective easily
scored approach. The test items were written to sample the content of elementary
organic laboratory knowledge on four levels — Bloom's levels 1.00, 2.00, 3.00 and
4.00'*’. All test items were ranked by the chemistry faculty at Fort Valley State
College. An average level for each test item was assigned. See Appendbc D for a
copy of the Laboratory Assessment Instrument used in this study.
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The examination was designed, as far as conceivable by the investigator, to
be independent of particular experiments or kinds of elementary organic laboratory
c^proaches. However, it reflected the bcisic common core of elementary organic
experiments used at Fort Valley State College and Morris Brown College.
The test was criterion referenced for both the control and the experimental
group by nature of the common elementary organic laboratory core. Efforts were
made to correlate practical laboratory performance with SAT, class grades and
ACS test performance. Various measures of central tendencies were also obtained.
Summary
After a control group and an experimental group were chosen at different
colleges at different geographic locations, the test instruments and the question¬
naires were administered to each group. Some data on students were supplied by
the respective college registrars. A thorough profile of the test instruments were
presented containing information about development, standardization and interpre¬
tation. The raw data was compiled, analyzed and interpreted with respect to the
hypotheses proposed. The following chapter consists of compiled and analyzed
data. See Appendix E for a complication of Quantitative Data.
CHAPTER IV
RESULTS AND FINDINGS
During two semesters (3 quarters) of the academic year 1978-79 a
comparative study was conducted to reveai the effects of different teaching
methodologies (Kelier Method versus Traditionai Method) on the achievement and
reiated iearning experiences of students in elementary organic chemistry. For this
study two groups of elementary organic chemistry students were selected. The
experimental group was located at Fort Valley State College, Fort Valley, Georgia
and the control group was located at Morris Brown College, Atlanta, Georgia.
The population of the aforem«itioned groups have been previously described
in more detail, but in general these groups consisted of sophomores, juniors and
seniors with various interests and goals. Eighteen students composed the control
group and twenty students composed the experimental group.
The analysis of data with respect to the various hypotheses proposed by this
investigator are included in this chapter. Analysis of covariance eind calculation of
the t-ratio was used as a statistical technique to test the significance of the
difference in means between the two previously m«itioned teaching methodologies.
These analyses are illustrated in Tables 8 and 9. The survey questions presented to
students in regard to the qucility of the courses is shown in Table 10. A graphical
representation of the survey data is illustrated in Figure5.
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Table 8. Summary Analysis of the Control Group and the Experimental Group










Between Group 1 7.713 7.713 2.28
Within Group 37 39.92 1.28
Total 38 47.92 1.26
*
Not significant beyond the 0.05 level.
Table 9. Means, Standard Deviation and t-Ratio for the Experimental and
Control Groups Response to Questionnaire II.
Residuals
df Means t-Value Standard




Table 10. Survey Questions Used in the Kelier^ Traditional Method Questionnaire
with Mean Scores Achieved by Both Methods.
Mean Score Mean Score
Question Keller Lecture
1. This organic chemistry course involves
mostly memorization.
3.2 3.7
2. I would recommend the course I have just
finished to a friend who must tcike organic
chemistry.
3.1 1.6
3. Taking this organic chemistry course has
increased my sense of responsibility for
my own learning.
2.1 2.8
4. I feel, after taking this organic chemistry
course, that understanding of organic
chemistry is difficult.
2.5 3.7
5. I have learned very little from this course. 1.3 1.8
6. Taking this course has decreased my
interest in organic chemistry.
2.2 3.0
7. The method of instruction used in this course
is an effective way to teach orgemic chemistry.
2.9 3.5
8. The method used in teaching this course
made me feel I was competing with my
classmates.
2.9 2.9
9. I could not get help in the course when I
needed it.
1.8 2.3
10. I found this organic chemistry course to be
cut unpleasant experience.
2.3 3.4
11. This course made me feel that I would like




Mean Score Mean Score
Question Keller Lecture
12. The amount of organic chemistry knowledge
gained from this course was not worth the
effort.
1.9 2.6
13. After completing this course, I feel that
organic chemistryis am enjoyable subject.
2.5 2.8
14. All introductory science courses should be
taught in a manner identical to this organic
chemistry course.
2.3 3.4
15. If I had the choice to make over again, I
would take this same organic chemistry
course.
3.0 3.4
16. The method of instruction in this course
made allowances for individual differences.
3.5 3.4
17. The method of instruction in this organic
chemistry course is not an effective way
to teach organic chemistry.
1.5 3.4
18. I did not enjoy participating in this chemistry
course.
1.8 3.4
19. This organic chemistry course was impersonal. 2.1 3.2
20. If I noticed an article pertaining to organic
chemistry while browsing through a magazine,
I would want to read the article.
2.5 2.9
21. As a result of this course, I have no desire
to learn anything more about organic
chemistry.
1.7 2.3
22. My ability to grasp organic chemistry




Mean Score Mean Score
Question Keller Lecture
23. I would advise other students to avoid
the organic chemistry course I have just taken.
1.6 3.2
24. This organic chemistry course sufficiently
challenged my academic ability.
1.9 2.2
25. The objectives of this course were not
made clear to me.
1.8 2.4
26. This organic chemistry course was a boring
experience.
2.0 2.8
27. I enjoyed participating in this organic
chemistry course.
2.1 3.2
28. This organic chemistry course provided more
personal attention than I generally receive
in a class of this size.
2.3 3.2
29. I would prefer to take organic chemistry
by some method other than that used in the








According to Hypothesis Hj, "There is no significant difference in the
response to questionnaire items pertaining to teaching methodoiogies by the controi
group students and the experimental group students in elementary organic
chemistry".
The computed F value of 6.02 wsa greater than the F value of 2.16 required
for significance at 0.05 level (Table 8). The calculated value of t was 6.22, which
was greater than the accepted value of 2.021 at the 5% level with 36 degrees of
freedom (Table 9). Based upon these two types of statistical evidence the null
hypothesis was rejected. The following is the alternate hypothesis; "There is a
significant difference in the response to questionnaire items pertaining to teaching
methodologies by the controi and the experimental group."
A statement of the second Hypothesis H2 follows;
"The elementary organic chemistry textbooks and related paperback books do
not have reading levels which will enable the beginning student of organic
chemistry to comprehend and understand a major portion of the printed
pages".
This hypothesis was tested by an evaluation of reading levels of pc^uiar
elementary organic textbooks and paperbacks. The reading levels of all materials
were assessed by reading specialists at Fort Valley State College and found to be
from three to five grade levels above many students involved in the study (see
Table 11). After combining ail of the above evidence, the null hypothesis was
retained. An analysis of textbooks and paperback books used in this study are
shown in Tables 12 and 13.
Table 11. Reading Levels of Groups.
Respondents
CONTROL
Raw Score Percentile Respondents
EXPERIMENTAL
Raw Score Percentile
1 12.3 65 1 11.3 50
2 11.9 35 2 10.5 55
3 10.8 55 3 10.8 53
4 11.8 55 4 9.3 45
5 13^ 70 5 10.6 55
6 13^ 70 6 9.3 45
7 12.6 65 7 10.1 40
8 12.4 65 8 9.0 45
9 10.3 50 9 9.3 45
10 13* 65 10 11.3 55
11 11.8 55 11 10 50
12 11.5 55 12 9.1 40
13 13* 70 13 8.5 35
14 12.4 65 14 10.4 50
13 11.9 55 15 12 55
16 10.8 55 16 8.3 30
17 11.6 55 17 9.4 45
18 11.0 55 18 9.7 50
19 11.4 50
20 12.0 60





















































Author Textbook Reading Level
Berlin FUNDAMENTALS OF
ORGANIC CHEMISTRY




Roberts & Caserio ORGANIC CHEMISTRY 14.3






The analysis was done by reading experts at Fort Valley State College.
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Author Textbook Reading Level
















Analysis was done by reading experts at Fort Valley State College.
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Results of Analysis of the Cognitive Skill Test
As described previously, the Test of Higher Cognitive Learning in Chemistry
(THCLC) was administered to the control group and to the experimental group.
According to Hypothesis Hy "There is no significant difference in the cognitive
levels of students in the control group and in the ecperimental group". This
hypothesis was statistically analyzed by the method of variance and t-test. The
results are summarized in Table 14.










The calculated t-value (0.152) was less than the t-value (2.04) required for
significance at the .05 level. Therefore, this investigator failed to reject the null
hypothesis. In conclusion, H ^ remains as stated; "There is no significant difference




By using information previously obtained on students in the control group and
the experimental group, along with information on the cognitive levels of individual
students, Hypothesis could be systematically treated. According to , "There
is no definite relationship between the cognitive levels of students in the control
and experimental groups and the final average letter grades". A systematic
treatment of data pertaining to is summarized in Table 15.











A 5.3 29 28-30
B 26.3 21.1 16-30
C 52.6 17.3 13-26
DF 15.8 14.5 10-17
The data in Table 15 shows that students who have higher cognitive skill
levels dbtain the higher final average letter grades. This investigator thinks that
sufficient evidence is presented in Tables 14 and 15 to justify discarding the null
hypothesis H^. A restatement of the null hypothesis follows: "There is a definite
relationship between the cognitive levels of students in the control group and in the
experimental group with respect to final letter grades." The final yearly average
letter grades of the control and experimental groups are presented in Tables 16 and
17, respectively.
Table 16« Final Yearly Average by Letter Grade of the Experimental Group,
RESPONDENT Letter Grade By Quarter Yearly Average Letter Grade
1 2 3
1 B B B B
2 C B A B
3 A A A A
4 C C C C
5 B B B B
6 C C C C
7 B C B C*
a C C C C
9 C D C O'
10 C C C C
11 c F F F
12 D C C c
13 C C C c
14 B c B c
15 B B B B
16 C D F D"
17 D C F F
18
*
C F D D
Table includes grades for only those students who remained 3 quarters (one fuli
year).
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Table 17. Final Yearly Average by Letter Grade of the Control Group.
RESPONDENT Letter Grade By Semesters Yearly Average Letter Grade
1 2
1 B B B
2 A C C*
3 B C C*
4 C C c
5 C A B
6 B B B
7 C C C
8 C B C*
9 C C C
10 B B B
11 B B B
12 C C C
13 A A A
14 B B B
15 C B C*
16 c C C
17 c C C





Table includes only those students who remained in course for two semesters
(one full year).
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Results of Analysis of the Comprehensive
Laboratory Test in Elementary Organic Chemistry
After completion of the common core of laboratory experiments, a thirty
item two-hour laboratory examination was administered to the control group and
to the experimental group of students. The laboratory examination consisted of
selected multiple choice items considered by the investigator to be a representa¬
tive sampling of student knowledge hopefully acquired from the laboratory course.
The test items were constructed as far as possible in a way as not to reflect on
particular laboratory experiments but to focus on broad laboratory principles and
techniques.
Hypothesis states that, "There is no significant difference in the
laboratory knowledge of the control group and the experimental group." An
cinalysis of this hypothesis was done by analysis of covariance and the results
summarized in Table 18.
Tcible 18. An Analysis of Laboratory Knowledge and Techniques of the Control and








Between Group 1 2852 2852 4.33 12.60
Within Group 37 3540 95.675
TOTAL 38 6392 336.42
*
Not significant beyond 0.05 level.
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A table of critical values yields an F value of 3.07. This value was less than
the calculated value of 12.60 required for significance (1 and 37 degrees of
freedom), therefore the null hypothesis was rejected. A restatement of follows:
"There is a significant difference in the laboratory knowledge of the control group
and the experimental group.
Results of Analysis of the American Chemical Society
Examination in Elementary Organic Chemistry
Near the end of the school year the American Chemical Society (ACS)
Examination in Elementary Organic Chemistry was administered to the control cind
the experimental group of students in an effort to collect data which would either
refute or support Hypothesis H^. This hypolliesis states, "There is no significant
difference in the achievement of students involved in this study boised on their
performance on the ACS Elementary Organic Chemistry Examination". The results
of this examination are summarized in Table 19. A profile of test scores versus
national norms is presented in graphical form in Figure 6 and scores on the
examination in elementary organic chemistry are presented in Table 20.
Table 19. An Analysis of the Performance of Experimental and Control Groups of
Students on the American Chemical Society Examination in Elementary Organic
Chemistry.
Residuals
Source of Sum of Mean
Variation df Squares Squares SD t*
Between
Group 1 498.67 448.67 1.78 5.95
Within
Group 37 586.56 15.85
TOTAL 38 1005.23 26.45
*
Not significant beyond 0.05 level.
A table of critical values yields a t* value of 2.19. This value was less than
the calculated t* value of 5.95 (36 degrees of freedom). Therefore, the null
hypothesis was rejected.
A restatement of follows: "There is a significant difference in control
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^ Plots of norms ^ raw scores for the ACS Elementary Organic Chemistry Examination (1974).
Table 20. Scores on ACS Elementary Organic Chemistry Examination Form 1974,






1 35.9 40 1 33.7 35
2 33.7 35 2 28.9 20
3 39.9 55 3 28.9 20
4 26.4 15 4 33.7 35
5 32.0 30 5 32.0 30
6 28.9 20 6 28.9 20
7 26.4 15 7 35.9 40
a 23.9 10 8 26.4 15
9 21.0 5 9 23.9 10
10 23.9 10 10 35.9 40
11 16.5 1 11 36.8 45
12 16.5 1 12 30.2 25
13 28.9 20 13 41.5 60
14 23.0 10 14 38.3 50
15 38.3 50 15 30.2 25
16 21.0 5 16 26.4 15
17 16.5 1 17 21.0 5





This chapter contains the findings of the present investigation resuiting from
a comparative study of teaching methodologies (Keller Plan versus Traditional
Lecture) in the teaching of elementary organic chemistry. An interpretation of the
hypotheses was done according to (a) the analysis of covariance, (b) the analysis of
variance, (c) t-ratio and proportion of responses expressed as numerical rating on a
scale of one to five. The statistical analysis of the data failed to show significctnt
difference in the overall performance of either group (experimental or control).
However, in terms of base line data such as reading level and SAT scores, the
experimental group showed considerable gains as exemplified by performance near
the end of the course. Evidence for the preceding statement is supported by scores
on the ACS comprehensive examination in elementary organic chemistry and the
final average letter grades.
The rejected four hypotheses of eight formulated in the original proposal
were: H H^, emd H^.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
This study was designed and conducted for the purpose of securing
information pertaining to the effects of different teaching methodologies (Keller
Plan versus Traditional) upon the overall achievement of students enrolled in two
selected elementary organic chemistry classes.
With background experiences cuid prior academic preparation being major
contributors to the frustration and high failure rates among students of elementary
organic chemistry, a considerable portion of this study was devoted to gathering
data and characterizing those factors typically attributed to the high risk
elementary organic chemistry student. Also some information was deduced which
could be used to produce a profile of a successful elementary organic diemistry
student. The Toledo Placement, the Cognitive Skills Test, information gathered by
questionnaires, and other examinations served to i^late such factors.
The experimental group was located at Fort Valley State College, Fort Valley
Georgia. The control group was located at Morris Brown College in Atlanta,
\
Georgia. Additional special treatments for the experimental group included the use
of objectives formulated by the American Chemical Society, the incorporation of
the philosophy of Piaget, and the formulation of teaching strategies which were
designed to raise students from the concrete level of operation to the formal level.
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The employment of a full slate of lecture periods along with the Keller Approach
can be justified when the base line data for the experimental group is considered.
Many of these students were considered high risk. A high risk student is defined in
this study as any student in this study who has a profile which exhibits a combined
SAT score of less than 600 and below average scores on the Toledo Placement
Examination, and reading levels below 11'*’. Approximately 25% of the students in
the experimental group and 15% of the students in the control group were
considered to be high risk. The lecture periods compensated for low reading levels,
poor study habits, poor study techniques, and low cognitive levels. Feedback from
experimental group students indicated that the lecture periods were valuable for
many ideas could not be lifted from the printed pages.
A review of base line data obtained from the standard test instruments
(Toledo Placement Test and Cognitive Skills Test) and from student questionnaires
and grade reports showed a remarkable similarity of academic background auid prior
preparation for the ocurse in elementary organic chemistry. Scores on the Toledo
Placement Test indicated a lack of preparation in problem solving skills although
all students involved in this study had finished general chemistry at their respective
institutions. On the Cognitive Skills Test, higher levei questions received very few
responses from students in each of the study groups.
As judged by this investigator, a serious lack of intellectual task and problem
solving situations had been experienced by students in both study groups. This type
of limiting factor could be reflected in the overail achievement of elementary
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organic chemistry students and could very well account for some students not
performing up to expectation.
Since the discipline of organic chemistry requires the use and articulation of
higher intellectual skills, there exists a great need to raise the reasoning levels of
many students from the concrete to the formal. The Scholastic Aptitude Test
(SAT) scores are considered a very accurate predictor of success in college. The
test scores on the SAT indicated that most students included in this study obtained
verbal scores which were higher than their quantitative scores, which further
reinforces the idea that prior student academic preparation had not been heavily
oriented toward quantitative aspects of academics. The national average (SAT)
socre in 1970 was S02 points with 386 verbal and 410 quantitative. Most overall
(SAT) scores for both study groups were below the national average. The average
verbal score was 335 points and average qucmtitative score was 323 points.
TESTING RESULTS
Hypotheses Which Were Rejected
The hypotheses which were rejected are Hj, and Hg. The rejected
Hypothesis H^ , focuses on the questionnaire given to ail students involved in the
study. The experimental group responses indicated that they assumed the type of
teaching methodology (modified Keller Method) more nearly met their needs on an
individual basis, within the framework of the course, while students taking the
lecture (Traditional Method) indicated to a lesser extent that they assumed their
individual needs were met within the framework of the course. A graphical
representation of data shows that the intersection of group profiles is minimal.
This study was able to show that most elementary organic textbooks were
written above the reading levels of most students in the control and experimental
groups. Assuming that the aforementioned groups are representative and typicai of
most liberal art college elementary organic chemistry classes, one might be able to
say that most elementary organic textbooks have reading levels beyond the
students to which they address themselves. At least a partial solution to a very
complex learning problem seems to be achievable through the use of paperback
books, as an alternative mode of teaching and learning.
A connection between cognitive level and final average letter grade should
exist. This investigator sough to explore the ailedged connection by use of the null
hypothesis (H^) which was finally rejected based upon the evidence gathered. Many
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factors may enter into the determination of a final letter grade, however, none
could be more important than the way a student perceives and internalizes
information. According to the information gathered by this investigation, most
students who demonstrated higher cognitive levels also obtained higher final
average letter grades and successfully answered more higher level questions, which
is a measure of overall achievement in elementary organic chemistry.
A common laboratory outline was used for students of the experimental group
and the control group. Great effort was made to assure that students of the
control group had ececuted prior reading of the laboratory manual and had to
benefit of a stimulating pre-laboratory session before attempting to perform
laboratory experiments. Flow charts were required. Laboratory reports had to be
submitted which embodied a certain type of format. The assignment of laboratory
grades were based on the suggestion of many of the contributors mentioned in the
literature review. Performance factors such as yield of product, purity of sample,
completion of exercises from the laboratory manual, general quality of the
laboratory report, and the results of three laboratory quizzes were considered in
assigning a letter grade for laboratory work. Therefore, the research data
collected by this investigator reflected quite favorably that the aforementioned
approach to management of elementary organic chemistry laboratory had merit.
An evaluation of the Criterion Referenced Laboratory Test (comprehensive)
which was administered to the control group and to the experimental group showed
that the experimental group's performance was higher than that of the control
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group. Thus, Hypothesis was rejected. Since an intellectual skills approach to
the laboratory was used as a teaching strategy, some of the higher scores by the
experimental group could be attributed to that strategy. Mcuiy students who were
low in other areas of this investigation were able to make favorable scores on the
comprehensive laboratory examination.
The accumulated learning experience of elementary organic chemistry was
measured by use of the ACS examination in elementary organic chemistry. The
examination was given to tiie control and experimental group. There was a
significant difference between the performance of the control and experimental
group on the ACS Elementary Organic Chemistry Examination. Thus, Hypothesis
Hg was rejected. Since considerable average difference existed in (SAT) scores of
the control group and the experimental group, one may say that there should exist a
similar trend in (ACS) scores. However, this was not observed. This investigator
ascertains that the teaching methodology employed with respect to the experi¬
mental group at least compensated for the obvious difference in starting level
and/or learning entry levels.
Hypotheses Which Were Retained
The Hypotheses retained were H2 and H^. The retained Hypothesis H2
focuses on the question of reading levels of materials in elementary organic
chemistry. Many times learning difficulties of students in elementary organic
chemistry can be traced to the reading level of the printed pages used for the
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purpose of abstracting chemical knowledge. Based on this investigator's experience
in teaching elementary organic chemistry to disadvantaged students at small
minority colleges, reading seems to be the number one problem. A modified Keller
approach to learning should be employed whenever possible, for this seems to be
the most effective teaching strategy available for reaching students whose formal
training reflect many reading related deficiencies.
The evidence collected suggested that Hypothesis H2 should be retained since
many students in minority colleges who eventually take courses in elementary
organic chemistry have entry reading levels of 9+ or lower. Extraordinary hard
work and adjustments must be made by the student and the teacher if a representa¬
tive course in elementary organic chemistry is to be presented.
Finally a comparison of the cognitive levels of individuals in each group
showed some variation, but when cognitive levels were viewed as a group, there
was little variation. Thus, each group (control and experimental) may be
considered as equal in the process of perceiving and internalizing chemical
information. Therefore, Hypothesis H^ was retained on the basis of the
experimental evidence gathered.
CONCLUSIONS
It was not surprising to this investigator that this study was not unable to
refute each null hypothesis based upon statistical evidence obtained from the data
collected. However, a total of four null hypotheses out of a total of six were
rejected. The following conclusions are presented in terms of the observed
influence of modified Keller Method versus the Traditional Method as a teaching
strategy:
1. the modified Keller Method is at least as good a teaching strategy as
the lecture method and perhaps better for the underprepared, poorly
motivated student, or high risk organic chemistry student;
2. the modified Keller Method is highly enable of influencing student
performance regardless of course entry learning levels and prior
academic preparation;
3. cognitive level scores (THCLC) correlate highly with the average course
letter grade;
4. an intellectual skill type of elementary organic chemistry laboratory
can be used to facilitate the learning of laboratory skills and to improve
overall laboratory achievement;
5. the extra man-hours which must be expended by all students and
teachers while using a modified plan, may be more than offset by the
academic gains registered by the student^
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6. administrative support and understanding is most valuable when the
installation of any novel approach such as a modified Keller plan is
attempted.
Recommendations for Further Study
This study has been able to focus on a few educational items and issues, but
at the same time, to set the stage for further debate and discussion, which may
provoke new investigations and point the way to new knowledge. In any vibrant
flourishing discipline, this is the way a study is supposed to function. In the opinion
of the investigator, the findings and conclusions from this research are important
to teachers of elementary organic chemistry everywhere and have general
implications for science educators at all academic levels.
Based upon the findings of this study, some implications for research in the
teaching of elementary organic chemistry are apparent. They are as follows;
1. a replication of this study involving students whose base line data (SAT
scores, average reading levels, cognitive styles, and prior academic
preparation) form a more uniform base but at the same time a more
elevated base for learning organic chemistry;
2. an investigation to find the minimum level and number of ACS ob¬
jectives a student would be expected to master in order to feel com¬
fortable and function well in disciplines which require a knowledge of
elementary organic chemistry;
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3. a replication of this study should be made at some institutions where
there is availabie (1) a complete assisted learning component, (2) an
audio visual aid component, (3) an auto tutorial component, and (4)
support personnel;
4. am investigation into the special learning problems of elementary
organic chemistry students;
5. a study designed to explore the possibility of expanding the intellectual
skill type of elementary organic laboratory to include more of the
material traditionally included in the lecture;
6. an investigation which seeks to determine the effects of cognitive style
on learning and overall student performance;
7. an investigation for the purpose of isolating academic factors reiated to
the successful completion of elementary organic chemistry; and
8. a study to determine the effects of "total life control" on the
performance of elementary organic chemistry students.
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Fort Valley State College
Text Book: Organic Chemistry, iteris and Boyd, and student guide third
edition Allyn and Bacon Conpnay.
Chiapter Sequence: 1, 2, 3 4, 7, 9 5, 6 10, 11, 12
Selected Reference Text Books:
Organic Chemistry:




John Wiley and Sens
1977




Temay, W.S. Saunders Canpany
1976
Principes of Organic: Second Edition
Roberts and Caserdo
W.J, Benjamin, Inc. 1978
Class Meeting Cates: Mai. Wed. Fri. — 8:00
laboratory Meeting Cates:
laboratory Text: Organic Qiemistry, an Experimental ^proadi Swinehart,
James S.; Appleton-Centnry-Ctofts, 1969
Course Description;
Organic chemistry is a science vMch may be described as the study
and characterization of carben compounds. As in all typical organic
chemistry courses the najor goal is to understand the properties of organic
matter, the changes viiich organic matter undergoes, the conditions vdiich
produce the cfenges, the ene3?gy associated with the changes (thermodynamics)
the rate of the changes (kinetics) the geometrical relationships between
chemical intities (sterochanistry) and the . interaction of light with functional
groiqs and molecular arrays.
This course addresses itself to chemistry students, heme eccncniics students,
pre-medical school students, pre-dental school students, pre-engineering students,
agriculture students, physical education students, alli^ health students, and the




This course cciisists of materials selected from the leading elementary •
crgamc chemistry textbooks. The topics considered are those typically taught in
American colleges and universities. Biphasis will be put cxi those topics
suggested by the A.C.S.
Method of Instruction:
Modified Keller Plan: an individualized type of instruction with
A.C.S. behavioral objectives. An over skill of examinations and quizzes




2. Problem Sets 10%
3. laboratory 20%
4. Honor Problems Open
5. Quizzes 5%
Examinaticn Schedule:
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ORGANIC CHEMXSTRT 201
EXAMdATION IV
t. Which MC of compoiffids is subject Co Londoo forces/ Which to Dipolar










II. What shape should account for Che zero Dipole monenc of CCI4 ^
a. Trigonal
b. Linear
c. Trigonal and Linear
d. Tetrahedral
a. None of these







Che heat of ceaccl(




+ H - Cl
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7. In 'vdiich sec are Che following compounds'ranked according to decreasing
electronegativity of the central atom. ^ fij
a. H - CH3 H - NE2 H - OH H - F
b. H - NB2 H - CHj H - OH H - F
c. H - F H - CHj - H - OH H - NH2
d. H - OH H « CH^
■i





Xa vhlch sat are the foUowtns compounds ranked according to decreasing
acidity (s pl^)
a. H - F H - Cl H - Br H - I
b. H - I H - Cl H - Br a - F
c. a - Cl H - 1 H - Br H - F
d. H - Br H - F H - I H - Cl
Which of these secs of compound are
and rated correctly?
arranged according to Che relative acidity
a. CH3SH7 CH3GB
b. CH^OH d£.CH2HH2
c. NHJ > HjO.^
d. HjO > H2S
How is. charge and basicity related ^
ilHj VS NHj
H^S VS
B. How is electronegavicy of the central atom and acidity related ’-(■1/
- OH vs N - NH.
CH^OH vs CH3SH
JX. A. In organic chemistry the following groups are -
Q-SH, and —NH^inrjpart Co molecules






this entity should be
_____ by resonance
This entity should be
by resonance
109
X... Oa tha basis of Inductive effectives taalc these acids In each set according


















4 *1 H H ^ ®
C4-Ka-C-C—C—
,4f H H H
XX. Construct one additional resonance structure for each enclcl'U below.
Q-S2 ^
no
XIII.Designate the Bronsted acid and base in the following reactions.
(a) H^Caq) + Cl (aq) + Na''’(aq) + HCO'Caqj-^HgCOj + Na^Caq) + Cl"(aq)
(b) CH,-C-OH + H,0^CH,C + HtO3 2 3 ^p/€D ^
"1XIV.Designate the Lewis Acid and the Lewis Base in the following reactions^f






H3N: ♦ Cu'^—^ Cu(NH3)^'^XV.Ca) Out of the this set CCH^ HF CHCI3 FBr I2)
in the blanks the molecules which possess polar bonds
(b) The conformation should be subject to
r3





(c) Dipole moments are described by this relationshipyU.* e x d.
If cL is the same in all cases rank the compounds according to
increasing^. H .
-C— H,S- :NH,
Draw the following Lewis structures. Be sure to show all unshared
electrons
CO-
U H H H












Hometown Career Goals Classification
Primary Secondary
1 1 Female
Scholastic Aptitude Test Scores Reading Scores List all mathematics studied in the high
school and your final letter grades.
List all college science completed
in the high school and your final
letter grades.
List all college mathematics completed
and final letter grades.
Did you follow the College Preparatory Track in High School?
Do you plan to be a chemist?





Mean Score Mean Score
Question Keller Lecture
1. This organic chanistry course involves
mostly memorization.
2. I would recommendT the course I have
just finished to a friend who must
take organic chemistry.
3. Taking this organic chemistry course
has increased my sense of responsibility
for my own learning.
4. I feel, after taking this organic
chemistry course, that understanding of
organic chemistry is difficult.
5. I have learned very little from this
course.
6. Taking this course has decreased my
interest in organic chemistry.
7. The method of instruction used in this
course is an effective way to teach
organic chemistry.
8. The method used in teaching this course
made me feel I was competing with my
classmates.
9. I could not get help in the course when
I needed it.
10. I found this organic chemistry course
to be an unpleasant experience.
11. This course made me feel that I would
like to learn more about organic
chemistry.
12. The amount of organic chemistry
knowledge gained from this course was
not worth the effort expended.
13. After completing this course, I feel
that organic chemistry is an enjoyable
subject. '
14. All introductory science courses should
be taught in a manner identical to this
organic chemistry course.
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Mean Score Mean Score
Question Keller Lecture
15. If I had the choice to make over again.
1 would take this same organic chemistry
course.
16. The method of instruction is this course
made allowances for individual differ¬
ences.
17. The method of instruction in this
organic chemistry course is not an
effective way to teach organic chemistry.
18. I did not enjoy participating in this
chemistry course.
19. This organic chemistry course was
impersonal.
20. If I noticed an article pertaining to
organic chemistry while browsing
through a magazine I would want to read
the article.
21. As a result of this course. I have no
desire to learn anything more about
organic chemistry.
22. My ability to grasp organic chenistry
knowledge exceeded my expectations.
23. I would advise other students to avoid
the organic chemistry course I have just
taken.
24. This organic chemistry course
sufficiently challenged my academic
ability.
25. The objectives of this course were not
made clear to me.
26. This organic chemistry course was a
boring experience.
27. I enjoyed participating in this
organic chemistry course*.
28. This organic chemistry course provided
more personal attention than I general
receive in a class of this size.
29. I would prefer to take organic chemist
by some method other than that used ir





Organic Chemistry 201, 202 and 203
Circle the Appropriate Answer1.According to the melting point composition diagrams below the behavior of
a pure substance is best representative by:
(a) (b) (c) (d) (e) None of these
A B C D
2. Compound A and B having concentrations 60 and 40 by weight are subjected to
vapor phase chromotography. Their peak area is 1.135 and 1.050, respectively.
(Ai = Area of Peak, Ci = Concentration, and Fi = ProportionalH;y Constant).
The Fi's should be respectively:
(a) 1 and 2 (b) 1 and 3 (c) 1 and 1 (d) .72 and 72
(e) None of these
3. A reaction which is used for the preparation of a ethyl bromide from ethyl
alcohol utilizes 20 grams of ethyl alcohol.- The Theoretical Yield of the
bromide is:
(a) 25 (b) 26 (c) 50 (d) 10 (e) None of these
CgHgOH
HBr
Excess CHjCHgBr + H2O
4. Which of the following 2 component systems could be separated by fractional
distillation based upon the vapor pressure diagrams?
A B C D
(a) A (b) B (c) C (d) D (e) None of these
5.
6.
Given a list of solvents which are suitable for recrystallization of
acetatamide, which is the most desirable solvent based upon physical data?
BP Solubility
(a) Water ioqoc 0.002
(b) Ethanol 78°C .03
(c) Acetone 56°C .005
(d) Ethyl Acetate 78°C .0005
Compounds may be qualitatively classified on the basis of solubility test.
Given the following collection of compounds, choose the solubility sequence
which represents compound 6.
HgO (C2H5)2 NaHC03 NaOH HCl H2SO4 H3PO4
(a) - - - - -
(b) - - + + - - -
(c) - + + + +
(d) + + - + +
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7. During an experiment the neutralization equivalent of a carbocyclic acid
was determined to be 121+2. On the basis of this experiment, which of the
following acids may be eliminated?
(a) A and B (b) A and C (c) B and D (d) None of these
8. According to the vapor composition diagram, the composition of A and B at
90° in the vapor state is approximately:
(a) 20% A 30% B
(b) 80% A 20% B
(c) Undetermined
(d) 50% A 50% B
Observe the flow diagram for the separation of a 3 component mixture com¬
posed of a phenol. A carbocyclic acid and an alkylhalide. The phenol is
separated from the acid by this scheme because:
(a) The alkylhalide reacts with the solvent.
(b) The phenol will not react with sodium hydroxide.
(c) The phenol is not acidic enough to react with sodium bicarbonate.





10. The distribution coefficient of compound A between benzene and water Is
3 at 20*^0. If an aqueous solution containing 6 grams of A In 100ml of
water Is extracted with 100ml of benzene, what Is the weight of compound





lyrw ’ ^ (1)
Wfa + = 6g (2)
weight of A In the benzene layer
weight of A in the water layer
concentration of A In the benzene layer
concentration of A in the water layer
6 - Kb (from equation 2), we may write
K = Cb Wb/100m1 ,IS - WbT/TiJOil ° ^
where Wb = 4.5g
“w “ 1-59
(a) 3g (b) 4g (c) 4.5g (d) 1g (e) None of these
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Mark True or False
n. 1. A vride melting range Is strictly due to an impurity in the
sample.
2. Heating the melting bath slowly and at a constant rate of
20/min near the mp of the solid minimizes error due to time
lag.
3. A solid X contains impurities which are known to be soluble
in a low boiling liquid Y. Sublimation would seem to be the
most likely method of purification of solid X.
4. Filtration is a good method of separating solvent and solute
component(s) of a solution.
5. Extraction of an organic substance by means of a chemically
inert solvent depends merely upon solubility.
6. Substances which are soluble in all proportion are said to
be perfectly miscible.
7. The common ions effects may be instrumental in decreasing
the solubility of salts of organic acids and bases.
8. Dilute aqueous alkali {5% NaOH) and dilute mineral acid
(5% HCl) are reaction type soluents.
9. A substance is most soluble in that solvent to which it is
most closely related structurally.
10. In a homologous series containing only one functional group
solubility increases as chain length increases.
11. The number of theoretical plates in a fractionating column
is a measure of its efficiency.
12. A solution composed of ethanol and water is ideal.
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12. The mechanism of the following reaction is given. Which rate expression




(a) R = K [cH3CH2CH20H^
(c) R = K (CH3CH2CH2]
(e) None of these
+ HBr Kl ROHo + Br
Fast c
OH2 K2Slow CH3CH2CH2 + HgO
Br K3
Fast CH3CH2CH2Br
(b) R = K [hB^ [CH3CH2CH2OH2
(d) R » K [HB^
13. During an experiment in thin layer chromotography two plates were spotted
with substances A and B, respectively, and placed in a development chamber













Substances A and B are different
None of these
(d) Compound A and B have very
similar structures
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14. An organic compound composed of carbon, hydrogen and oxygen is analyzed.
The molecular weight is determined and found to be 118. The molecular
formula should be:
moles C 64.6q = 5.38 moles c
64.6% of C = 64.6g 12.01g/mole
10.8% of H = 10.8g
24.6% of 0 = 24.6g moles H 10.8q = 10.7 moles H
1.008g/mole
moles 0 = _ 24.6g * 1.54 moles 0
le.Og/mole
giving the result: ^0^ 54
converting to the simplest ratio: Cg ggH-jg 7 1^54 ^gHg ggO-j qq
’r^T34T34
which approximates or 0781482
(a) 118 (b) 59 (c) 177 (d) 20 (e) None of these
15. Many separations in organic chemistry are done by the method of fractional
distillation. Column I should be more efficient than Column II because it:
Sr S/
(a) is longer (b) contains more theoretical plates
(c) larger in diameter (d) heats more uniformly (e) None of these
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16. A sample of an Impure organic substance is subjected gas chromotography.
The best conclusion obtained that can be drawn from the chart is:
-rtm £(a)the substance is pure (b) the substance is composed of
at least 3 compounds
(c) the substance is impure (d) the substance is composed of
2 compounds
(e) None of these
17. Often an organic chemist is asked to nitrate an aromatic compound. Using
a mixture of nitric and sulfuric acid with sulfuric acid nitration is very
slow. The best explanation for this would be:
(a) sulfuric acid forms an intermediate
(b) nitric acid forms an intermediate
(c) sulfuric acid aids in the generation of a Nitronium Ion
(d) nitric acid aids in the generation of a Sulfonium Ion
(e) None of these
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18. An experiment was set up in order to determine the specific rotation of the
compounds below. Not all of the compounds had a specific rotation2.0 or









(e) None of these
19. Hinsberge reagent could be used to distinguish the functional groups
present in one of the compounds below. Choose the compound.
(a) A (b) B (c) C (d) 0 (e) None of these
20. A random collection of spectra of organic compounds commonly found in the
organic laboratory was assembled. Which compound in the group below is





TABLE OF QUANTITATIVE DATA*
Control Group Experimental Group
Respondent Sex
Scholastic Aptitude
Test Scores Respondent Sex
Scholastic Aptitude
Test Scores
Male Female Verbal Quantitative Male Female Verbal Quantitative
1 X 560 420 1 X 300 410
2 X 490 340 2 X 420 510
3 X 460 320 3 X 360 320
4 ' X 380 310 4 X 420 320
5 X 420 390 5 X 350 230
6 X 520 350 6 X 370 410
7 X 470 330 7 X 290 250
8 X 510 380 8 X 330 320
9 X 460 410 9 X 350 340
10 X 510 490 10 X 240 320
11 X 390 420 11 X 380 210
12 X 350 390 12 X 300 310
TABLE OF QUANTITATIVE DATA
Control Group Experimental Group
Respondent Sex
Scholastic Aptitude
Test Scores Respondent Sex
Scholastic Aptitude
Test Scores
Male Female Verbal Quantitative Male Female Verbal Quantitatl ve
13 X 530 440 13 X 280 240
14 X 380 420 14 X 410 210
15 X 400 380 IS X 300 330
16 410 360 16 X 410 310
17 X 380 410 17 X 460 230
18 X 400 310 18 X 430 260
19 X 460 320
20 X 420 430
*
Respondents are same in each table in Appendix E.
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TABLE OF QUANTITATIVE DATA
ACS EJetnentary Organic Chemistry Examination Toledo Placement Examination










1 35.9 40 1 33.7 35 1 48 91 1 36 52
2 33.7 35 2 28.9 20 2 44 82 2 38 60
3 39.9 55 3 28.9 20 3 34 45 3 46 86
« 26.4 15 4 33.7 35 4 26 20 4 28 25
5 32.0 30 5 32.0 30 5 32 38 5 38 60
6 28.9 20 6 28.9 20 6 30 31 6 24 16
7 26.4 15 7 35.9 40 7 28 25 7 ' 30 31
8 23.9 10 8 26.4 15 8 23 16 8 22 12
9 21.0 5 9 23.9 10 9 22 12 9 16 3
10 23.9 10 10 35.9 40 10 25 16 10 25 16
11 16.3 1 11 36.8 45 11 16 3 11 20 7
12 16.3 1 12 30.2 . 25 12 16 3 12 18 7
13 28.9 20 13 41.5 60 13 28 25 13 28 25
14 23.0 10 14 38.3 50 14 23 12 14 32 38
13 38.3 30 15 30.2 25 15 46 86 15 36 52
16 21.0 5 16 26.4 15 16 26 20 16 21 7
17 16.3 1 17 21.0 5 17 17 3 17 16 3
18 21.5 3 18 28.9 20 18 30 31 18 18 7
19 23.9 10 19 24 16
20 21.0 5 20 20 7
12S
TABLE OF QUANTITATIVE DATA





1 27 1 27
2 18 2 24
3 15 3 28
4 17 4 17
5 21 5 19
6 27 6 18
7 14 7 15
8 15 8 16
9 21 9 12
10 22 10 14
11 18 11 10
12 14 12 12
13 28 13 21
14 25 14 24
15 20 15 18
16 14 16 15
17 16 17 13




This test has construct validity.
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TABLE OF QUANTITATIVE DATA





1 83 1 91
2 72 2 68
3 68 3 85
4 80 4 77
5 62 5 75
6 65 6 79
7 64 7 68
8 72 8 81
9 58 9 63
10 75 10 83
11 80 11 69
12 40 12 72
13 77 13 75
14 65 14 75
15 74 15 88
16 60 16 54
17 51 17 80
18 55 18 73
19 38
20 62
